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THE INSTITUTE 


An Ordinary General Meeting of the Institute of Petro- 
leum was held at 61 New Cavendish Street, London, 
W.1 on 18 January 1961, the Chair being taken by 
Julian M. Leonard, President of the Institute. 


The General Secretary read the minutes of the previous 


May 196] 


OF PETROLEUM 


meeting, which were confirmed and signed as a correct 
recor i 


The President then introduced Mr Cameron, 


presented the following paper in summary. 


who 


QUEEN ELIZABETH ISLANDS OF ARCTIC CANADA AND THEIR 
PETROLEUM PROSPECTS * 


By A. BRYCE CAMERON ¢ 


SUMMARY 


The Queen Elizabeth Islands have a great variety of geological formations with abundant signs of petroleum 


substances. 


field work has supported photoanalyticai and photogrammetrical studies. 


There are many large closed structures similar in size to those in the Middle East. 


Geological 
Continuous drilling throughout the 


year might cost $2,000,000, with a proportionately reduced expenditure if no mid-winter operations were con- 


ducted. 


All the equipment could be shipped direct from Great Britain to beaches on the islands. 


Rapid development could oceur, with some oil being exported by tanker direct to West European and East 


Canadian markets within a vear of discovery 


Later a shuttle service should be able to carry oil during a four- 


month season to intermediate storage in Southwest Greenland, whence it could be transported throughout the 


vear to world markets. 


GENERAL 

Physiography 

The Queen Elizabeth Islands of Arctic Canada lie 
north of latitude 74 30’ N hundred miles 
from the Canadian mainland, and far inside the Arctic 
Circle. They are bounded, in the form of a triangle, 
on the south by the Parry Channel, on the east by the 
bays and sounds that run in a northeast direction off 
the west coast of Greenland, and on the northwest 
side by the Arctic Ocean (Fig 1). 

The islands present a great variety of landscapes 
and geological formations which may be divided 
roughly into five main sections: 


1. The Pre-Cambrian Shield in the eastern 
section extends northwards as a tapering zone 
through eastern Devon Island to an area about 
half way up the east coast of Ellesmere Island. 
This is marked by high ice-covered uplands, 
sometimes with bold and rugged coasts and else- 
where with spectacularly fjorded coastlines. 

2. A plateau of gently dipping sedimentary 
rock lies across western Devon Island and the 
western half of southern Ellesmere Island. 

3. A belt of folded sedimentary rocks runs 
from the western coast of Melville Island through 
the islands on the northern side of the Parry 
Channel as far east as Cornwallis Island, and there- 
upon curves northeast through Grinnell Peninsula 
and the greater part of Axel Heiberg Island, on 
through central Ellesmere Island in a north- 


several 
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easterly direction. The terrain in many parts 
of Ellesmere Island and Axel Heiberg Island is 
high and rugged, but in the south and west on 
Cornwallis and Bathurst Islands the heights de- 
crease and the folds are eroded and 
weathered, resulting in rolling topography. 

4. North and west of this folded zone is the 
Arctie Coastal Plain, which includes Prince Pat- 
rick Island to the west, the northern parts of 
Melville and Bathurst Islands, and islands of the 
Sverdrup group. The coasts are low, flat, and 
usually featureless, particularly those which face 
towards the Arctic Ocean. 

5. The northern extension of the sedimentary 
zone Which forms the plateau on northwestern 
Banks Island and northeastern Victoria Islands 
is to be found north of the Parry Channel in the 
southern part of Melville Island. 


more 


Ellesmere Island, with an area of approximately 
80,000 square miles, is the largest of the islands in 
the Group and probably the most varied, possessing 
mountains exceeding 9000 feet with spectacular glaci- 
ers in some parts and rolling plains and uplands in 
others. The other large islands are Devon, Melville, 
and Axel Heiberg, ranging from 21,000 to 13,000 
square miles and having quite a diversity of character. 
However, as a contrast, the islands of the Arctic 
Coastal Plain are generally low and featureless, with 
shallow coastal waters, low shore-lines, and rolling 
hilly interiors a few hundred feet in height. The total 
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THE INSTITUTE 


An Ordinary General Meeting of the Institute of Petro- 
leum was held at 61 New Cavendish Street, London, 
W.1 on 18 January 1961, the Chair being taken by 
Julian M. Leonard, President of the Institute. 


The General Secretary read the minutes of the previous 


May 1961 


OF PETROLEUM 


meeting, which were confirmed and signed as a correct 
record. 


The President then introduced Mr Cameron, who 
presented the following paper in summary. 


QUEEN ELIZABETH ISLANDS OF ARCTIC CANADA AND THEIR 
PETROLEUM PROSPECTS * 


By A. BRYCE CAMERON + 


SUMMARY 


The Queen Elizabeth Islands have a great variety of geological formations with abundant signs of petroleum 
substances. There are many large closed structures similar in size to those in the Middle East. Geological 
field work has supported photoanalytical and photogrammetrical studies. Continuous drilling throughout the 
year might cost $2,000,000, with a proportionately reduced expenditure if no mid-winter operations were con- 
ducted. All the equipment could be shipped direct from Great Britain to beaches on the islands. 

Rapid development could oceur, with some oil being exported by tanker direct to West European and East 
Canadian markets within a year of discovery. Later a shuttle service should be able to carry oil during a four- 
month season to intermediate storage in Southwest Greenland, whence it could be transported throughout the 


vear to world markets. 


GENERAL 

Physiography 

The Queen Elizabeth Islands of Arctic Canada lie 
north of latitude 74° 30’ N several hundred miles 
from the Canadian mainland, and far inside the Arctic 
Cirele. They are bounded, in the form of a triangle, 
on the south by the Parry Channel, on the east by the 
bays and sounds that run in a northeast direction off 
the west coast of Greenland, and on the northwest 
side by the Arctic Ocean (Fig 1). 

The islands present a great variety of landscapes 
and geological formations which may be divided 
roughly into five main sections: 


1. The Pre-Cambrian Shield in the eastern 
section extends northwards as a tapering zone 
through eastern Devon Island to an area about 
half way up the east coast of Ellesmere Island. 
This is marked by high ice-covered uplands, 
sometimes with bold and rugged coasts and else- 
where with spectacularly fjorded coastlines. 

2. A plateau of gently dipping sedimentary 
rock lies across western Devon Island and the 
western half of southern Ellesmere Island. 

3. A belt of folded sedimentary rocks runs 
from the western coast of Melville Island through 
the islands on the northern side of the Parry 
Channel as far east as Cornwallis Island, and there- 
upon curves northeast through Grinnell! Peninsula 
and the greater part of Axel Heiberg Island, on 
through central Ellesmere Island in a north- 


* MS received 4 November 1960. 


easterly direction. The terrain in many parts 
of Ellesmere Island and Axel Heiberg Island is 
high and rugged, but in the south and west on 
Cornwallis and Bathurst Islands the heights de- 
crease and the folds are more eroded and 
weathered, resulting in rolling topography. 

4. North and west of this folded zone is the 
Arctic Coastal Plain, which includes Prince Pat- 
rick Island to the west, the northern parts of 
Melville and Bathurst Islands, and islands of the 
Sverdrup group. The coasts are low, flat, and 
usually featureless, particularly those which face 
towards the Arctic Ocean. 

5. The northern extension of the sedimentary 
zone which forms the plateau on northwestern 
Banks Island and northeastern Victoria Islands 
is to be found north of the Parry Channel in the 
southern part of Melville Island. 


Ellesmere Island, with an area of approximately 
80,000 square miles, is the largest of the islands in 
the Group and probably the most varied, possessing 
mountains exceeding 9000 feet with spectacular glaci- 
ers in some parts and rolling plains and uplands in 
others. The other large islands are Devon, Melville, 
and Axel Heiberg, ranging from 21,000 to 13,000 
square miles and having quite a diversity of character. 
However, as a contrast, the islands of the Arctic 
Coastal Plain are generally low and featureless, with 
shallow coastal waters, low shore-lines, and rolling 
hilly interiors a few hundred feet in height. The total 
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area of the Queen Elizabeth Islands must exceed 
150,000 square miles. 


Population 

There are about 10,000 Eskimos residing in the Cana- 
dian Arctic, but practically all of these inhabit regions 
south of the Queen Elizabeth Group. There are, 
however, about one hundred living in the vicinity of 
the RCAF Station at Resolute Bay, Cornwallis Island, 
and fewer on Ellesmere Island near the two Royal 
Canadian Mounted Police Posts. The Government is 
taking steps to provide training and employment for 
all Eskimos with the intention of enabling them to 
participate fully in the developments now rapidly 
occurring in these Arctic regions. 

Also living in the islands are service personnel, 
Department of Transport communications and 
meteorological staff, together with government 
scientists, officers of the Department of Northern 
Affairs and National Resources, and detachments of 
the Royal Canadian Mounted Police. According to 
season, their numbers vary considerably, but can 
total some three hundred. 


Transportation and Communications 


Around August each year, during the open water 
season, ships from Montreal bring in several thousand 
tons of supplies to Resolute Bay. Aircraft are then 
used to carry the supplies to weather stations such as 
Isachsen and Mould Bay, and other areas of scientific 
activity. However, Eureka, a weather station half 
way up the west coast of Ellesmere Island, is regu- 
larly revictualled each year by sea. 

Air transport is of considerable importance in all 
northern operations, and as a result all-weather land- 
ing strips are to be found not only at the RCAF 
Station at Resolute Bay, but also at the four other 
weather stations in the islands, and it is hoped that 
more will be built in the relatively near future. In 
the spring, ski-equipped planes are able to make use 
of frozen lakes and other stretches of level ice or snow 
as landing strips; hence this is the time for preparing 
caches of supplies in isolated spots for use in the sub- 
sequent summer. 

There is a good network of radio communications 
at weather stations and air force sites, so contact 
within the islands and outside them too can be main- 
tained. 


Administration 


The Queen Elizabeth Islands form part of the 
District of Franklin, one of the three districts forming 
the Northwest Territories. These Territories are ad- 
ministered by a Legislative Council over which the 
Deputy Minister of Northern Affairs and National 
Resources from Ottawa presides in his capacity as 
Commissioner. Five of the nine Councillors are ap- 
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pointed to the Council, while the other four are elected. 
This body is empowered to draw up ordinances and 
make recommendations for the welfare and good gov- 
ernment of the area, one of the most important duties 
of the Council being the preparation of regulations 
aimed at protecting the Eskimos, who mainly depend 
for their living upon hunting and trapping. 

Enforcement of the regulations of the Northwest 
Territories’ Council is the responsibility of the Royal 
Canadian Mounted Police, who have various social 
welfare duties to perform as well. In addition, North- 
ern Service Officers are posted to some settlements in 
the Northwest Territories to guide and assist the 
Eskimos generally. Schools have been built, and at 
certain centres boarding schools and vocational train- 
ing courses are provided. The overall policy is to 
train all Eskimos so that they are able to take part 
fully in the vast and rapid developments that are 
occurring in the far north. 

Petroleum regulation and administration are the 
responsibility of the Department of Northern Affairs 
and National Resources. The Chief of the Resources 
Division has his office and staff in Ottawa, while the 
Oil Conservation Officer for the Northwest Territories 
carries out his duties from the petroleum centre of 
Calgary. 


Vegetation and Wild Life 


While there are no trees or upright shrubs in the 
Queen Elizabeth Islands, one of the most surprising 
features of the landscape is the variety and relative 
wealth of plant life, which includes scrub willow, 
grasses, moss, and lichens. For a short, gay season 
bright coloured flowers are widespread. 

There are two large Arctic herbivores, the musk-ox 
and the caribou. The former is found chiefly in the 
Queen Elizabeth Islands, with grass and leaves as its 
main food source. The caribou on the mainland to the 
south migrates in large herds, while in the islands they 
have been known to move from one island to another 
over considerable expanses of sea ice. They live 
chiefly on lichens. Large white arctic hare and the 
smaller mouse-like lemming are probably the most 
numerous of all the herbivorous species in the region. 
The hare is found in many rocky areas, but the lem- 
ming is much more widespread, although their numbers 
are strangely subject to cyclic increases and decreases 
roughly every four years. As the arctic fox, which is 
economically the most important of the animals of 
the Canadian Arctic, preys on lemmings, their popula- 
tion in any particular year and the quality of their 
pelts is dependent on the seasonal number of lemmings. 
Weasels and wolves also exist in the islands. 

However, the most prolific source of life is not the 
land but the sea. Seals are to be found in all regions 
close by open leads in the ice and at breathing holes 
kept open by themselves throughout the winter. 
Then there is the powerful and amphibious polar 
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bear, which spends practically all its life on or beside 
the sea, pursuing seals with the greatest of cunning. 
The larger whales, hunted almost to extinction, are 
now slowly re-establishing themselves, but the most 
prolific to-day are the smaller species such as the 
narwhal, sometimes called the ‘‘ sea-unicorn,’’ and the 
white whale. The walrus, or “ seahorse,” is also 
found throughout the islands. Of the fish in the 
seas and rivers, probably the best known is the Arctic 
char, a fish very similar to the salmon. 

Many species of birds, particularly water fowl, use 
the Arctic as their summer breeding grounds, and 
arrive in flocks from all latitudes of the American 
continent. During the summer, duck, geese, fulmars, 
jaegers, and other water and wading birds are numer- 
ous. Ptarmigan, hawks, gyrafalcons, ravens, and 
owls are also present, but as a rule only the owls, 
ravens, and some ptarmigan remain throughout the 
winter. 

Mosquitos and black flies which are the well known 
summer curse of the Arctic mainland, most fortunately 
tend to disappear north of the Parry Channel. 


Climatic Conditions 
The highest recorded temperature at Resolute Bay 
is plus 61° F, with a monthly average daily maximum 
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Costing rete is based on body at neutral shin temperature of 91 4° F 


Wind in Knots 
Wind chili on exposed personnel in state of inactivity 
Fig 2 


of plus 46° F for July, while the lowest reading at the 
same station is minus 61° F, with an average daily 
minimum of minus 41° F for January. At Eureka, 
farther north, the summer temperatures surprisingly 
average 2° higher than at Resolute Bay, but in the 


winter they fall into line, averaging 5° less. Low 
temperatures, such as minus 40° F, are not uncommon 
in the areas on the Canadian mainland where drilling 
operations are currently conducted, but the big differ- 
ences in the sub-arctic are the frequent reliefs from 
the extreme lows, the much shorter winter, and the 
fact that there is no season of darkness throughout 
the whole of a day. 

Moderate winds up to 40 mph are common, but 
they can reach 100 mph on occasions. The normal 
winds would not be troublesome in the summer, but 
when coupled with low temperature in the winter, a 
wind chill condition is created that considerably re- 
duces the efficiency of crews unless most thorough 
winterization of all camps and equipment is carried 
out (Fig 2). 

Precipitation is so very light that much of the area 
can be described as a frozen desert. During the sum- 
mer three months all snow melts, except from hills 
and mountains about three thousand feet or more in 
height. The absence of snow cover is, of course, of 
the utmost importance in permitting aerial photo- 
graphic studies and surface geological investigations 
of the prospective oil-bearing parts of the islands (Fig 3). 


Exploration 

While the French in southern Canada between 1534 
and 1670 progressed up the St Lawrence River as far 
as Sault Ste Marie, the British navigators, Frobisher, 
Davis, Hudson, and Baffin, discovered the west coast 
of Greenland, the east coast of Baffin Island, and the 
large inland sea, Hudson Bay (Fig 4). During the hun- 
dred years following 1670, when the French extended 
their power as far west as Winnipeg, the British made 
great use of Hudson Bay and established such famous 
trading posts as Fort Churchill and Fort York on its 
southwestern shores. The next thirty years was a 
period of rivalry between the Hudson’s Bay Company 
and the North West Company, with the area of con- 
flict centred round Lake Winnipeg. During these 
years Mackenzie of the North West Company ex- 
plored the Mackenzie River down to its mouth on the 
Arctic Ocean, and Hearne of the Hudson’s Bay Com- 
pany carried out lengthy journeys from Fort Churchill 
northwards in the Arctic. It was also during this 
period that Captain Cook sailed up the west coast of 
Canada as far north as Alaska. 

However, as far as exploration of the Arctic Archi- 
pelago in general and the southern part of the Queen 
Elizabeth Islands in particular is concerned, the years 
between 1800 and 1870 were of great importance. 
The voyage of Ross in Davis Strait and Baffin Sea in 
1818 was followed a year later by the magnificent 
journey of Parry through Lancaster Sound as far 
west as 113° W, off the south coast of Melville Island. 
In so doing he earned a £5000 bounty offered by the 
British Government to the first expedition to pass the 
110th west meridian and Cape Bounty, the nearest 
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prominent cape to this goal, has been named in honour 
of this. 

Franklin made his name in the early part of this 
period by his overland journey to Coppermine and 
then by boat eastwards, followed shortly afterwards 
by his trip to the mouth of the Mackenzie and subse- 
quent explorations by two boat parties eastwards and 
westwards. About twenty-five years later Franklin 
was again back in the Arctic, this time commanding a 
British naval expedition to search once again for the 


140° 


135 


Following the establishment of weather stations at 
Resolute Bay, Eureka, Mould, Isachsen, and Alert 
after the last war, yet another phase of exploration 
began. RCAF reconnaissance flights and trimetrogon 
photographic surveys completed the discovery of all 
new islands, while the Geological Survey of Canada 
have conducted extensive geological examinations on 
allofthem. More recently aerial vertical photographs 
taken of the whole Group has enormously eased the 
search by the oil industry for structures suitable for 
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Northwest Passage. His two ships Erebus and Terror 
sailed in 1845; by September 1846 they lay beset off 
the northwest coast of King William Island at the 
entrance to Victoria Strait, never again to be free. In 
April 1848, a year after Franklin’s death, the ships 
were abandoned and the 105 survivors began a march 
southwards, but all perished. Relief expeditions 
were sent out from England in 1848, one by the over- 
land route, another by Bering Strait, and a third by 
Lancaster Sound. These resulted in a period of in- 
tense exploration activity which led to the mapping 
of most of the islands in the southern part of the 
Queen Elizabeth Group. 
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the entrapment of petroleum. It would appear that 
this last period of exploration that has now begun in 
the Queen Elizabeth Islands might this time, and in 
the relatively near future, lead to considerable econo- 
mic development. 


GEOLOGICAL CONDITIONS 


Structural History of the Queen Elizabeth Islands since 
Pre-Cambrian Time 

Subsequent to the Pre-Cambrian there were two 

periods of Paleozoic tectonism. The first of these 

occurred in late Silurian or early Devonian time and 
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produced north-trending structures on Cornwallis and 
eastern Bathurst Islands and maybe a part of Grin- 
nell Peninsula—the Cornwallis Fold Belt (Fig 5). The 
second period in Upper Devonian time resulted in the 
formation of the Parry Island Fold Belt running from 
Melville Island to Bathurst Island, and from Grinnell 
Peninsula of Devon Island in a northeasterly direction 
to central and north Ellesmere Island. The folding 
in the Parry Island Belt involves a conformable Ordo- 
vician-Upper Devonian section, which in turn is 
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vicinity of Norwegian Bay to the east have compara- 
tively thin sections of rocks representing only part of 
this long time interval. 

An orogeny occurred in Tertiary times which 
affected the Sverdrup Basin, causing Permo-Carboni- 
ferous evaporites deposited in the axial region to be 
thrust upwards as diapiric intrusions. In the Ringnes 
Islands and west Axel Heiberg Island the axis of the 
diapiric folds trend north to northwest transverse to 
the basinal axis. In the extreme eastern part of the 
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overlain unconformably by marine Middle Pennsy]l- 
vanian strata. It thus follows that the main Paleozoic 
orogeny of the Queen Elizabeth Islands is post-Upper 
Devonian pre-Middle Pennsylvanian. 

The Ringnes and northwestern Queen Elizabeth 
Islands were the scene of downwarping in Permo- 
Carboniferous times and resulted in the Sverdrup 
Basin, which lasted well into Tertiary times. The 
basin axis extends from northern Sabine Peninsula of 
Melville Island to the Ringnes Islands, and hence 
across Axel Heiberg Island to the entrance to Greely 
Fjord in Ellesmere Island. This axis marks the site 
of heavy sedimentation from Pennsylvanian to Ter- 
tiary, but the synclinal limbs on Borden and Mack- 
enzie King Islands to the west, northern Melville and 
Bathurst Islands to the south, and the lands in the 


basin, by Mokka Fjord of Axel Heiberg and Fosheim 
Peninsula of Ellesmere Islands, the folding and thrust- 
ing trend north to northeast, in places superimposed 
on the pre-existing Parry Islands folds. The western 
portion of the basin was little affected by this Tertiary 
orogeny. 


Palezoic Stratigraphy of the Queen Elizabeth Islands 
(Fig 6) 

(i) Cambrian 

Cambrian rocks are found exposed at three places 
in the extreme eastern part of the Islands, but pos- 
sibly they extend westward underneath younger 
rocks. At Dundas Harbour, in southeastern Devon 
Island, Lower Cambrian, resting unconformably on 
Pre-Cambrian gneisses and granite, consist of 100 
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feet of calcareous and glauconitic sandstone, overlain 
by more than 1000 feet of Middle Cambrian limestone 
emitting a petroliferous odour in its lower part along 
with minor thicknesses of sandstone and shale. 


(ii) Cambrian or Ordovician 

In the western part of Melville Island the Canrobert 
formation, consisting of silty dolomite and conglo- 
merate, resembles the Cambrian and Lower Ordo- 
vician formations of eastern Devon Island. 


(iii) Lower Ordovician 

A Lower and Middle Ordovician section about 2000 
feet thick at Dundas Harbour consists of limestone, 
dolomite, conglomerate breccia, and sandstone. Many 
of these beds emit a petroliferous odour when frac- 
tured. Farther west on Devon Island by Burnett 
Inlet more than 1000 feet of limestone and dolomitic 
limestone, probably Lower Ordovician, lies uncon- 
formably over Pre-Cambrian gneiss, while much the 
same thing is to be seen on the north coast of the same 
island. Rocks lithologically similar to those just men- 
tioned are also present on southern Ellesmere Island, 
while on the east coast of Ellesmere Lower Ordovician 
limestone and limestone conglomerate are to be found. 


(iv) Ordovician and Silurian 

Middle and Upper Ordovician and Silurian strata 
are widespread in the region of folded Paizozoic rocks 
of the Parry Island Fold Belt, and are to be found in 
the lowlands and plateaux to the south as well. It 
would appear that in many regions in the south the 
beds were laid down directly on the Pre-Cambrian by 
shallow transgressive seas, but as already stated, in 
eastern Devon Island these beds are separated from 
the basement by Cambrian and older Ordovician 
formations. 

Strata of the ages under discussion include wide- 
spread shelly faune, amongst them being the well- 
known “ Arctic Ordovician Fauna ’’ of Middle and 
possibly Upper Ordovician age, and also the charac- 
teristic fauna in the Silurian—Atrypella Scheii— 
which ranges in age from Middle to Upper. 

South of the Queen Elizabeth Islands the Ordo- 
vician and Silurian strata have a shelly faunz and are 
mainly carbonate rocks. Much the same applies to 
some of the Ordovician and Silurian formations in 
both the Cornwallis and Parry Islands fold belts, 
except that, within the main part of the belt itself, 
shelly strata do change partly or entirely to a grapto- 
litic series, a change that appears to have been initi- 
ated in Lower Ordovician time in the western part of 
the Parry Islands Belt and in late Middle Ordovician 
time in the Cornwallis Belt. These graptolite forma- 


tions, whose fauna occur not only in impure carbonate 
rocks and shales but also in sandy Upper Silurian 
strata, range well into the Silurian and are in part 
correlative with the shelly Silurian formations. 
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On Cornwallis Island the following formations make 
up Middle and Upper Ordovician and Silurian rocks: 


(a) The Cornwallis Formation, of Middle Ordo- 
vician age, is in sharp contact with the overlying 
Allen Bay formation. There are several thou- 
sand feet of varied but predominantly carbonate 
strata. The basal 800 feet consist of siltstone 
and shale, alternating with strata of limestone, 
gypsum or anhydrite, and gypsiferous shale. The 
widespread evaporite sequence in its lower part 
is noteworthy. These strata are overlain by 
alternating beds of limestone and impure lime- 
stone and a few interbeds of siltstone. The upper- 
most strata comprise about 60 feet of limestone 
overlain by 20 to 40 feet of shale which contain a 
prolific representation of ‘ Arctic Ordovician 
Fauna.” As well as on Cornwallis Island, the 
formation outcrops on the east coast of Bathurst 
Island, extensively on the Grinnell Peninsula and 
elsewhere on Devon Island, and also occurs at 
wide-spread localities in central Ellesmere Island. 
A significant outcrop exists on Melville Island. 

(b) The Allen Bay, of Middle Ordovician to 
Middle Silurian age, overlies the Cornwallis for- 
mation on southern Cornwallis Island. It is 5000 
feet thick and consists mainly of dense to porous 
dolomite. It further occurs above the Cornwallis 
in the southern and eastern parts of central Elles- 
mere belt and the Druro Range, amounting in 
one locality to 3700 feet mainly of dolomite. It 
also outcrops along a large tract of westerly 
dipping land on western Devon Island, and on a 
number of islands lying south of the Queen 
Elizabeth Group. 

(c) The Read Bay, overlying the Allen Bay 
formation conformably in the southern part of 
Cornwallis Island and grading into it, is of Middle 
and Upper Silurian age. Its aggregate thickness 
of 8425 feet has been sub-divided into four 
members consisting of Argillaceous limestone 
1800 feet thick with a gradational contact with 
the underlying Allen Bay dolomite; shale about 
100 feet thick; 4725 feet of strata lithologically 
similar to the first member; and finally a grada- 
tional passage into mainly calcareous sandstone 
beds 1800 feet thick. The Read Bay extends to 
parts of the Arctic lowlands and plateaux adja- 
cent to the Cornwallis belt, while beds containing 
its typical Atrypella are widespread in the south- 
ern and eastern parts of the central Ellesmere 
Island. 

(d) The Cape Phillips on northern Cornwallis 
Island lies conformably above the Cornwallis for- 
mation, and is Middle Ordovician to Upper Sil- 
urian in age. It represents a graptolitic facies 
that is correlative with the Allen Bay and most 
of the Read Bay shelly formations and comprises 
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8500 feet of impure carbonate rocks, shales, and 
cherty carbonates. The upper part of the for- 
mation is beneath an unconformable contact with 
the overlying Disappointment Bay formation of 
either Upper Silurian or Lower Devonian age. 
In the Parry Islands Fold Belt of central Bath- 
urst Island it is thinner, being only 1700 feet 
thick and consisting of calcareous shales, shales, 
mudstones, and argillaceous limestones, silty in 
the upper part. On the west coast of Melville 
Island 3500 feet of Lower Ordovician to Upper 
Silurian, Ibbett Bayblack shale, and argillitic 
graptolitic strata are exposed. However, while 
graptolitic, these beds, stratigraphically, do not 
reach as high as the Cape Phillips, but are corre- 
lative with the Cornwallis and older formations. 
Finally, it should be noted that in the central 
Ellesmere Fold Belt graptolitic strata that do 
appear correlatable with the Cape Phillips are 
exposed and overlie Cornwallis formations or 
probable Cornwallis formations. 


(v) Silurian and Devonian 

On the east coast of Cornwallis Island the Snow- 
blind Bay formation, either Upper Silurian or Lower 
Devonian, conformably overlies and grades into the 
Read Bay formation. It is made up of 800 feet of 
limestone breccia, limestone conglomerate, red sand- 
stone, and siltstone. Further north the Disappoint- 
ment Bay formation, consisting of at least 280 feet of 
dolomite, sandstone, and limestone conglomerate, 
overlies the Cape Phillips with angular unconformity ; 
it is also Upper Silurian or Lower Devonian. 

On the central part of the east coast of Bathurst 
Island, still in the Cornwallis Fold Belt, the Cape 
Phillips formation is overlain conformably by the 
Middle Silurian Sherard Osborne formation, which con- 
sists of dolomite reefs, limestone, and sandstone. In 
west Bathurst Island the Cape Phillips graptolitic 
formation is covered by the Bathurst formation, some 
3400 feet of argillaceous and calcareous siltstone, 
sandstone, and limestone, which becomes sandier as 
the overlying Stuart Bay formation, 1200 feet thick, 
is approached. The Bathurst formation may be 
classed as Upper Silurian, and the Stuart Bay Lower 
Devonian. More strata of Upper Silurian or Lower 
Devonian age are to be found in northwest Devon, and 
southwest Ellesmere Islands, while farther north in 
central Ellesmere Pre-Pennsylvanian and younger 
than Silurian graptolitic shale beds outcrop. 


(vi) Devonian Rocks 


Eastern Bathurst Island, lying in the Cornwallis 
Fold Belt, was a positive area from Upper Silurian to 
Middle Devonian times. However, rocks ranging in 
age from Lower to Upper Devonian are to be found 
extensively in the Parry Islands Fold Belt of the 
western two-thirds of Bathurst Island, where there 


was continuous sedimentation within that time inter- 
val. Because of the regional plunge to the west to- 
gether with normal erosion, the older formations are 
found exposed mainly on the eastern parts of the 
Parry Island anticlinal folds. The Devonian succes- 
sion on Bathurst Island is as follows: 


(a) The Lower Devonian Eids formation of black 
calcareous shales 1050 feet in thickness conform- 
ably overlies the Stuart Bay. 

(6) The Blue Fjord formation of light crystal- 
line limestone, accompanied by shale and mud- 
stones, ranges from 2500 feet in thickness up to 
3500 feet. It is noteworthy that south of the 
Variscan Anticline a marked facies change to 
bioclastic crinoidal limestone occurs in its lower 
part. 
(c) The Bird Fjord formation overlies the Blue 
Fjord conformably, and consists of limestone, 
sandy limestone, calcareous sandstone, and shales. 
It varies in thickness from 800 to 2100 feet, and 
becomes sandier up the section. 

(d) The Okse Bay formation, 3000 to 4000 feet 
thick, is Upper Devonian and represents the first 
major deposition of continental sands within the 
Parry Island Fold Belt. It is subdivided into a 
lower tan porous sandstone, a middle soft white 
sandstone, and an upper dark shale and silt- 
stone member. 


The Devonian succession on eastern Bathurst Island 
in the Cornwallis Island Fold Belt is different. Dur- 
ing Upper Silurian and Lower Devonian uplifting 
folding and erosion occurred. As a result, the Middle 
Devonian Driftwood Bay formation, consisting of 
400 feet of sandstone and siltstone, rests with angular 
unconformity on the previously mentioned Middle 
Silurian Sherard Osborne. The succeeding Devonian 
section is thereafter similar to that found to the west 
with Blue Fjord, Bird Fjord, and Okse Bay overlying 
each other in ascending order. 

The exposed rocks of the Parry Island Fold Belt of 
eastern Melville Island are probably correlative with 
the Middle and Upper Bird Fjord and Okse Bay for- 
mation of western Bathurst Island. On western Mel- 
ville Island, the Melville Island formation lies conform- 
ably over the Ibbett Bay graptolitic formation and 
is at least 11,000 feet thick. In this western region it 
consists principally of marine and non-marine sand- 
stone, with shale, siltstone, and coal, and ranges in 
age from Middle to Upper Devonian. More of the 
Melville Island formation is exposed on Prince Patrick 
Island to the west, and there are also widespread 
Devonian strata in the central Ellesmere Fold Belt 
to the northeast. 


(vii) Permo-Carboniferous 


Permo-Carboniferous strata occur along the south- 
ern, eastern, and northern periphery of the Sverdrup 
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Basin, lying unconformably upon Upper Devonian and 
older strata, and are also to be found exposed within 
the cores of piercement domes and diapir folds of this 
Basin. In the central Ellesmere Fold Belt, units of 
limestone, sandstone with layers of conglomerate, and 
lesser units of shale generally occur together, but lime- 
stone is the most widespread type. However, on 
north Melville Island in the western part of the Parry 
Island Fold Belt, vividly coloured sandstone occurs 
almost to the exclusion of limestone. 

Evaporites, mainly gypsum, form the cores of the 
piercement domes and diapir folds extending from the 
Sabine Peninsula through the Ringnes and western 
Axel Heiberg Islands northwards to Ellesmere Island. 
Blocks of limestone within the evaporites contain 
Permo-Carboniferous fossils, and it is thus probable 
that the evaporites are of this age or older. It is note- 
worthy that these evaporites have been intruded into 
much younger rocks, and their injection was accom- 
panied by deformation of strata of Triassic, Jurassic, 
Cretaceous, and possible Tertiary ages. 

Finally, at widespread localities in west central 
Ellesmere Island in the Eureka Sound Fold Belt exten- 
sive exposures of Pennsylvanian and Permian beds 
are present, lying with large angular unconformities 
over Ordovician, Silurian, and possibly younger beds. 


Mesozoic and Tertiary Stratigraphy of the Queen Eliza- 
beth Islands 

The Mesozoic and Tertiary rocks of the Queen Eliza- 
beth Islands are best developed in the Sverdrup Basin, 
the large sedimentary basin centred on Axel Heiberg 
and the Ringnes Islands, and consist of an essentially 
conformable Pennsylvanian to early Tertiary sequence. 
On the margins of the basin many formations show 
transgressive overstep with sections that are incom- 
plete compared with those of the axis. Marine and 
non-marine formations alternate in the Mesozoic, but 
Tertiary beds are entirely non-marine and consist 
mainly of sandstone, shale, and coal—the Eureka 
Sound formation. 

Within the Sverdrup Basin, Triassic formations reach 
a thickness of 17,500 feet; Jurassic 1500 feet; Creta- 
ceous 12,000 feet; and Tertiary about 10,000 feet, but, 
as mentioned above, sections on the margins of the 
Basin are much thinner. 


(i) Triassic 

Known Triassic outcrops are limited to the Sverdrup 
Basin and particularly to the Eureka Sound Belt, 
where exposures are abundant and strata are thick. 
The Blaa Mountain formation of Middle, Upper, and 
probable Lower Triassic age occurs on west central 
Ellesmere for many miles, and is also found on eastern 
parts of Axel Heiberg Island. Here the formation 
consists of 4000 feet of siltstone with lesser shale over- 
lain by 10,000 feet mainly of shale with siltstone. 

In the western part of the basin fewer occurrences 
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of Triassic are known. However, on northwest Bath- 
urst Island an Upper Triassic limestone and an under- 
lying caleareous sandstone of Middle or Upper Triassic 
age are at least 60 feet thick and in apparent structural 
conformity with Permian beds. 


(ii) Triassic and Jurassic 

A sandy formation, widespread in the Sverdrup 
Basin, is marine and Upper Triassic in its lower part, 
and is non-marine and possibly ranges into the Lower 
Jurassic in its upper part. On southeastern Axel 
Heiberg Island this sandy formation is 5600 feet thick, 
with sandstone, shale, siltstone, and carbonaceous 
material in the upper part. Other exposures of the 
sandy formation are present at Mokka Fjord, and also 
on Bjorne and Fosheim Peninsulas. 


(iii) Jurassic 

The Jurassic section is predominantly shale and is 
much thinner than the Triassic. Nevertheless, beds 
of Jurassic age extend from Prince Patrick Island on 
the west all the way around the periphery of the 
Sverdrup Basin to Fosheim Peninsula in the northeast. 


(iv) Jurassic and Cretaceous 


The Deer Bay formation of late Jurassic and early 
Cretaceous age is mainly shale with minor sandstone 
and siltstone. It ranges in thickness from 600 feet at 
Ellef Ringnes Island to 2500 feet at Axel Heiberg. 
On Fosheim Peninsula about 500 feet of shale and 
clay may possibly belong to the Deer Bay formation, 
while the lower part of the Mould Bay formation of 
Prince Patrick Island contains beds that may be 
correlative with the Deer Bay formation. 


(v) Cretaceous 

During this period there was an alternation of 
marine and non-marine deposition, while minor vol- 
canic activity also occurred. The Lower Cretaceous 
Isachsen formation conformably overlies the Deer Bay 
formation and is widely exposed on the Ringnes and 
western Axel Heiberg Islands. Varying from 2000 to 
4000 feet in thickness, it is mainly non-marine sand- 
stone with shale, siltstone, and lithified wood. In most 
parts it isconformably overlain by the Lower Cretaceous 
Christopher formation, composed of shales and minor 
sandstone and siltstone ranging from 1500 feet thick 
on the Ringnes Islands up to 3000 feet on Axel Hei- 
berg Islands. 

Cretaceous basalt flows 600 feet thick occur on Axel 
Heiberg Island. These flows have 750 feet of conform- 
able sandstone and shale below and 1200 feet of 
Middle Upper Cretaceous shale above them. On top 
of this shale are at least 8000 feet of a conformable 
sequence of siltstone, sandstone, and silty shale, with 
coal possibly extending from Upper Cretaceous into 
the Miocene. 
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(vi) Tertiary 


Non-marine sandstones and shales commonly with 
lignite are deposited widely on Fosheim Peninsula and 
other parts of the northeastern Queen Elizabeth 
Group. They belong to the Eureka Sound Fold Belt 
and include possibly 7000 feet of folded sandstone, 
shale with Palwocene or Eocene plants, and lignite. 
This Eureka Sound Tertiary Group progressively over- 
steps the conformable Upper Palwozoic—Mesozoic 
section, next the belt of Paleozoic rocks folded before 
Middle Pennsylvanian times, and thirdly, Lower 
Palxozoic rocks unaffected by any Palwozoic orogeny. 
Further structural deformation took place in Tertiary 
times after the deposition of this Eureka Sound Group. 


STRUCTURES WITH PETROLEUM 
PROSPECTS 


General 


The first structural map (Fig 7) shows that the Pale- 
ozoic folds on Cornwallis Island and the eastern part of 
Bathurst Island run in a northerly direction—the 
Cornwallis Fold Belt—while folds on the western part 
of Bathurst and on Melville Islands run in a direction 
that is more or less east and west—the Parry Island 
Fold Belt. These two fold belts join together on the 
eastern side of Bathurst Island. A second map indi- 
cates that in east Axel Heiberg and west central 
Ellesmere Islands a Mesozoic Tertiary anticlinal 
system runs north-south and has been named thé 
Eureka Sound Fold Belt. 


Structures on Cornwallis Island 


The biggest structure on Cornwallis Island, the 
Centre Dome, is about seven miles in diameter and has 
closure amounting to several thousand feet (Figs 8-9). 
The rocks exposed on most of the periphery of the dome 
belong to the middle part of the Cornwallis formation 
(Middle Ordovician), but the basal evaporitic part is 
exposed in the very crest. Aerial magnetometer data 
suggest that there may be 10,000 feet of sediments 
underlying the crestal area, which is encouraging, but 
unfortunately no data are available to indicate the age 
or lithology of the underlying formations. Strata 
immediately overlying the Pre-Cambrian on two 
islands immediately to the south of Cornwallis have 
been examined, but no Cambrian rock was discovered. 
In fact, the nearest Cambrian exposures are those at 
Dundas Harbour on east Devon Island, and these have 
signs of being petroliferous, but as there is an area in 
between, at Burnett Inlet, where Ordovician rocks lie 
immediately on top of the Cambrian, it is difficult to 
postulate that Cambrian rocks will be present beneath 
the Centre Dome of Cornwallis Island. 

The other structures on Cornwallis tend to be elon- 
gated in a north-south direction except for the Mid- 
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shipman anticline, which trends roughly northwest— 
southeast. These structures can be seen on the map. 


Structures on Bathurst Island 

On the east coast of Bathurst Island are two anti- 
clines, the Freeman’s Cove and Dyke Bay structures, 
both running in a north-south direction and part of 
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the Cornwallis Fold Belt. These structures have the 
equivalent of the Cape Phillips graptolitic shale in their 
crests, and thus the Cornwallis formation is the pro- 
spective horizon. 

Just to the west of this line of north to south folding 
is a broad north to south Cornwallis Fold Belt arch 
which meets and crosses the east to west Parry Island 
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anticlinal folds. This results in five structures, all 
with considerable closure, running in a north-south 
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direction being located at the junction of the north— 
south arch with five of the anticlinal folds. The Cape 
Phillips formation is again exposed on the structural 
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highs, so once more the top of the Cornwallis formation 
would be the objective. 

To the west of these five closed structures are 
twelve anticlinal folds of the Parry Islands Fold Belt, 
running in an ENE-WSW direction. They are all 
many miles in length, and all about ten miles apart. 
The folding appears to become more gentle towards 
the south, but general plunge of all the anticlines is 
towards the west, and hence there are younger rock 
exposures in that part of the island. Because of the 
regional plunge, these long structures are not gener- 
ally closed. The only closure so far known is where 
there is a reversal of the westerly plunge, resulting in 
relatively minor closed areas. 


Structures on Melville Island 


Anticlines many miles in length are also to be found 
on Melville Island. These, like those on Bathurst 
Island, are about ten miles apart, running in an east 
west direction. These folds become more gentle to 
the south and eventually die out. 

One of the biggest structures so far recognized is the 
Bridport structure situated immediately north of the 
Bridport Inlet on a rolling plateau. This shows up 
most clearly in aerial photographs (Fig 10). It is 
about two and a half miles wide and 18 miles long from 
its eastern to its western saddle. 

A small normal fault runs along the northern flank 
of the structure parallel to the strike, but it is not 
considered to be of major significance. At the crest 
an exposed Devonian formation that might be corre- 
lated with limestone, sandy limestone, and shale of 
the Bird Fjord formation (Middle Devonian) of Bath- 
urst Island has been named the lowest Melville Island 


formation. 
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Aerial photographs indicate the presence of other 
closed structures on the island, but these have not 
been examined in detail, so it is not possible to offer 
any comments. 


Structures on Ellesmere and Axel Heiberg Islands 


Six closed structures belonging to the Eureka Fold 
Belt have been discovered within 30 miles of the 
weather station at Eureka (Figs 11-15). Three of 
these structures lie on Fosheim Peninsula of western 
‘ “ hi Ellesmere Island, while the other three lie across 
Eureka Sound in the Mokka Fjord area on the east 

DEPOT PO! NE coast of Axel Heiberg Island. 

5 X 25 MILES In the neighbourhood, overlying the older Paleo- 

zoics of the south, are structurally conformable 

Oo 4 S =] 1O sequences of Permian, Triassic, Jurassic, Lower Creta- 
ceous, Upper Cretaceous, and Tertiary rocks totalling 

more than 20,000 feet, with sandstones and shales 

predominant. These structures are large and well- 
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folded and have good closure. In fact, there are 
abundant shale source rocks, ample thickness of sand 
and limestone reservoir rocks, and structural condi- 
tions suitable for the entrapment of petroleum. 


Sverdrup Basin Structures 

Salt domes occur along the axis of the Sverdrup 
Basin from the northern tip of Melville Island at the 
southwest to as far north as the northwestern part of 
Axel Heiberg Island. Two very striking domes are 
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found at the northern tip of Sabine Peninsula on Mel- 
ville Island. At the other extremity are about 40 
salt domes occurring at scattered points in the coastal 
areas of Axel Heiberg Island. Located in between 
these limits are four piercement dome type structures 
on Ellef Ringnes Island, and one large similar feature 
on Amund Ringnes Island. These have areas ranging 
from some 40 to 250 square miles. 

Towards the south of Ellef Ringnes Island is the 
Hoodoo River structure, approximately 20 miles long 
and seven miles wide with relatively gentle dips, the 
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maximum being 20 degrees (Fig 16). A small plug of 
Permian gypsum and anhydrite is to be found in the 
northwest part of the structure, which in turn is sur- 
rounded in a concentric fashion by Lower and Upper 
Cretaceous beds. Being on the axis of the Sverdrup 
Basin, about 50,000 feet of sedimentation can be ex- 
pected. 


SIGNS OF PETROLEUM 
General 


No oil or gas seeps have been discovered in the Queen 
Elizabeth Islands, but the signs of petroleum that have 
been reported in literature and the evidence obtained 
from geological surveys of the last two seasons show 
without doubt that the sedimentary rocks of the 
Queen Elizabeth Islands do provide an oil habitat. 
The absence of seeps may be attributable to the 
existence of more than 1000 feet of perma-frost. 


Historical Review 


(i) After wintering at Melville Island in 1819-20, 
Parry comments in his Journal on the naphtha odour 
of the rocks breaking under cartwheels when he crossed 
the island. 

** On the north side of this ravine large masses of sand- 
stone were lying on the surface of the ground, over which 
the cart would with difficulty be dragged; and we 
remarked on this and several other occasions, that the 
stones which were bruised by the wheels emitted a 
strong smell, like that of fetid limestone when broken, 
though we could never discover any of that substance.”’ 

(ii) Belcher, in 1855, gave the name “ Pitch Mount ”’ 
to a hill on Grinnell Peninsula because of “a very 
strong naphtha and asphalt effluvium added to its 
swinestone (bituminous carbonate rock or anthraco- 
nite) formation.” 

(iii) MeMillan, in 1910, found a limestone on Brown 
Island which ‘‘ when broken emits a fetid odour re- 
sembling that of crude petroleum.” 


(iv) Ells, in 1909, commented that among the speci- 
mens collected by the Bernier Expedition on the beach 
of Melville Island were some rich black oil shales 
which kindled very rapidly into flame when ignited 
by a match. 

(v) Bernier, in 1912, found bituminous shale from 
Hotspur Point, Bathurst Island, which on distillation 
gave crude oil. 

(vi) Stefansson, in 1921, reports that a sort of pitch 
found west of the tip of Cape Grassy on the north 
coast of Melville Island burnt with a flame like that 
of sealing wax, and with an odour resembling that of 
asphalt. The pitch was used for kindling and as 
chewing-gum. 

(vii) The widespread Allen Bay formation on Corn- 
wallis Island contains massive dolomite beds, and 
these are generally porous, smell of petroleum, and in 
many places are charged with solid bitumen. A 
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micro oil assay of a smal] sample of dolomite has given 
an oil content of 3-2 Imperial gallons per ton. 

(viii) The basal limestone conglomerate of the Dis- 
appointment Bay formation on the north coast of 
Cornwallis Island, as well as the graptolitic limestone 
underlying the conglomerate, contain patches of a 
soft bitumen that has been identified as native asphalt. 

(ix) There is bituminous limestone in the Ellesmere 
Fold Belt at Cape Baird on the east coast of Ellesmere 
Island, while at Lake Hazen ozokerite or some similar 
substance can burn like tallow. 

(x) On Devon Island massive Allen Bay beds are 
commonly porous, with solid bitumen filling the pores, 
and in many cases the rocks emit a fetid odour when 
broken. 

(xi) At another point on Devon Island there is an 
outcrop of fetid massive brownish dolomite belonging 
either to the Cornwallis or the Allen Bay formations. 

(xii) At Dundas Harbour on eastern Devon Island 
there are 5 feet of Middle Cambrian rock and as much 
as 100 feet of Lower Ordovician limestone with petroli- 
ferous odours. 


Recent Survey Works 


(i) Cornwallis Island.—Recent geological work on 
Cornwallis Island has confirmed that the Allen Bay 
formation in the neighbourhood of Resolute Bay is a 
porous dolomite sometimes with much solid bitumen 
and very often possessing a strong petroliferous odour. 
It has similarly been found that the Read Bay lime- 


stone in the same area emits a fetid or petroliferous 
odour when struck. At a stream cutting across the 
axis of the Midshipman anticline on the northwest 
part of Cornwallis Island a 4-foot bed of crystalline, 
very porous limestone of the Cape Phillips formation 
has been found below the concretionary zone with a 
fair amount of oil staining, while the concretions them- 
selves appeared to be oil stained and gave a very 
distinct petroliferous odour. 

(ii) Bathurst Island.—Work on Bathurst Island has 
revealed that the Bird Fjord sandstone on Brace- 
bridge Bay Island was entirely saturated with heavy 
tar and bitumen, while at another locality on the 
south limb of the Bracebridge anticline a specimen 
of a colonial coral with good porosity had abundant 
oil staining. An important point is that the wide- 
spread Cornwallis formation was found in eastern 
Bathurst to have small vugs that were completely 
filled with bitumen. The Variscan anticline towards 
the southwest part of the island has a reef mass with 
good porosity and oil staining near the base of the 
Blue Fjord, while at the base of the Bird Fjord a 
zone of fossils with fair oil staining continuously gave 
off a distinct petroliferous odour when freshly broken. 
In fact, it can be said that there are signs of petroleum 
substances—sticky asphalt, solid bitumen, oil staining, 
or petroliferous odours—in all ten of the exposed 
Paleozoic formations of Bathurst Island, ranging as 
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they do from Middle Ordovician Cornwallis formation 
up to Upper Devonian Okse Bay formation. 

(iii) Melville Island.—In the upper part of the 
Middle Devonian limestone exposures east of Weather- 
all Bay dried bitumen has been found in a quite 
extensive porous section, together with some in lower 
dolomites. 


NAVIGATION CONDITIONS IN CANADIAN 
ARCTIC WATERS 

Winter Conditions 

Surface navigation in Arctic waters is not feasible 
during the winter months because of the formidable 
cover of ice in all channels and inlets. In some areas 
this ice may be present in the form of a solidly 
cemented sheet, and in others it may exist as broad 
fields of heavy floes constantly in motion under the 
influence of wind and tide but so densely packed 
that no passage, even to ice-breakers, would be possible. 

Depending on the direction of the wind, lanes of 
open water may persist in certain areas, while in 
other places factors such as currents or salinity 
density differences may enable some parts to remain 
unfrozen throughout the winter. Unfortunately, 
navigation between one water region open through- 
out the winter and another is impossible. 


Summer Conditions 

The best conditions occur in the east and south, 
where the one year old ice cover of such areas as 
Hudson Bay, or the moving local pack of Baffin Bay 
may usually be counted upon to clear in the course 
of the summer, while the most unfavourable condi- 
tions are found in the northwest near the Arctic 
Ocean, where the ice extending northeastwards from 
the northern shores of Prince Patrick and Melville 
Islands past the Ringnes Islands up to a zone close 
to west Axel Heiberg Island, may loosen slightly but 
is never known to clear. 

The south flowing Canadian current in Baffin Bay 
and Davis Strait runs along Baffin Island, packing 
ice heavily against its shores. Similarly, in east-west 
tending straits, such as the Parry Channel, the east- 
bound current, aided by prevailing northwest winds, 
presses its concentration of ice against the southern 
shores. Break-up depends not only on the tempera- 
ture and the amount of sunlight but also on the strength 
and direction of the wind, and thus it is inevitable 
that optimum conditions cannot occur simultaneously 
in all parts of such a vast region. 

The first of five ice maps (Fig 17) indicates the best 
conditions likely to prevail in the various areas of the 
Queen Elizabeth Islands in light ice years, while the 
second (Fig 18) shows the conditions which may be 
present in unfavourable years. The actual pattern 
of summer ice distribution for any particular year 
would be some combination of these two extremes. 

It will be observed that in a good summer season 
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Davis Strait and Baffin Bay, and Parry Channel as 


far as Cornwallis Island and the eastern coast of 
Bathurst Island, would have an ice cover that is less 
than two-tenths, while farther west to a point just 
past Bridport Inlet on Melville Island the ice cover 
would be two-tenths to four-tenths, thus permitting 
that part of Melville Island to be readily accessible 
to ships. It will also be seen that no difficulties 
would be encountered in approaching and sailing up 
Eureka Sound to Fosheim Peninsula, for Jones 
Sound would have less then two-tenths, Norwegian 
Bay would have only two-tenths to four-tenths, and 
Eureka Sound right up to its head would have less 
than two-tenths. At this stage it might be appro- 
priate to mention that ice coverage amounting to as 
much as six-tenths or seven-tenths should be navigable 
by ice-strengthened vessels sailing alone, or by 
ordinary ships if escorted by ice-breakers. 

In an unfavourable year a heavy concentration of 
pack—-the “‘ Middle Pack ’’ of unhappy memory to 
whalers—would lie in the middle of Baffin Bay with 
an ice coverage amounting from four-tenths to seven- 
tenths, and this would present some difficulties, but 
should nevertheless be navigable. The eastern part of 


Parry Channel, south of Devon Island, would have 
two-tenths to four-tenths ice cover, while the waters 
around Cornwallis and Bathurst Islands westwards to 
the east coast of Melville Island would have an ice 
cover of four-tenths to seven-tenths. 


Thus, the east 
coast of Melville Island should be reached, but as 
the south coast of Melville Island in such a year would 
have an ice cover of from seven-tenths to nine-tenths, 
Bridport Inlet might be inaccessible. 

Dealing with the approaches to Eureka Sound in 
the unfavourable year, the ice cover in Jones Sound 
would amount from four-tenths to seven-tenths, 
eastern Norwegian Bay lying off the southwest 
coast of Ellesmere Island would have a cover amount- 
ing to seven-tenths to nine-tenths, while Eureka 
Sound itself would have only two-tenths to four-tenths 
of ice cover. The difficult part for the approach to 
Fosheim and Mokka is in Norwegian Bay to the south 
of Eureka Sound. 

Another map gives a detailed record of the ice 
distribution in Davis Strait and Baffin Bay from 
5 to 14 August, and in Lancaster Sound and Jones 
Sound from 15 to 20 August 1958, (Fig 19) when the 
D'Iberville made her annual resupply voyage to 
Resolute Bay on Cornwallis Island, and to Eureka 
Sound in north-western Ellesmere Island. During 
this journey ice observers of the Meteorological 
Branch carried out long range reconnaissances in 
RCAF aircraft, while the helicopters on the ship 
were ‘used regularly for shorter scouting trips. It 
will be observed that some difficulties were encoun- 
tered in the “ Middle Pack”’ in Baffin Bay, but 
thereafter open water was found in Parry Channel, 
Resolute Bay, and in Jones Sound. 
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A fourth map (Fig 20) shows that the ship en- 
countered ice covering only one-tenth to five-tenths 
in the southern part of east Norwegian Bay, while 
in the northern part of the Bay there was ample open 
water which had increased considerably by the time 
the ship returned three days later. 

The last of these ice maps (Fig 21) records that dur- 
ing the voyage northwards in Eureka Sound itself 
there was open water in its southern part and only 
one-tenth to five-tenths ice coverage in its northern 
part. During the voyage south two days later even 
more favourable conditions were met. 


Possibility of Prolonging the Navigation Season 

Naturally data regarding the length of time vessels 
could navigate between Ellesmere and Melville 
Islands and the permanently open North Atlantic 
waters off southwest Greenland are meagre. How- 
ever, of great importance is the fact that a convoy 
including an oil tanker does sail regularly every year 
from Montreal to Resolute Bay while an ice-breaker 
sails each year farther north to re-supply Eureka. 
The repeated success of this convoy operation is 
most noteworthy. 

The annually renewed Baltic ice reaches a maximum 
of only 3 feet in thickness as opposed to about 6 in 
the channels of southeastern Queen Elizabeth Islands. 
Moreover, the former is usually land fast while the 
latter in many parts is constantly moving because 
of currents. Nevertheless, it would appear that some 
of the navigational conditions in the Baltic could 
have some bearing on Canadian Arctic matters. For 
example, Finland keeps her southern ports open 
even in the most severe winters by means of powerful 
ice-breakers. One such vessel is the Woima, 274 feet 
long with a beam of 63 feet 6 inches and a draft of 21 
feet, propelled by diesel electric machinery with an 
ihp of 10,500. This vessel has two propellers aft, 
together with two forward which are of great assist- 
ance. However, in view of the risk of encountering 
old thick polar ice that may have moved southwards 
into some parts of the channels and sounds of the 
Canadian eastern Arctic waters, bow propellers prob- 
ably cannot be used in that region. These Finnish 
ice-breakers have assisted normal ocean tankers into 
Finnish ports in mid-winter, but for the Canadian 
Arctic waters it would appear that ice-strengthened 
tankers would be a necessity. 

There has, however, been very little practical 
experience with ice-strengthened tankers anywhere 
in the world; moreover, there are considerable 
variations in ice conditions from year to year, so 
the following comments on a prolonged navigation 
season are presented with reservations: 

(i) It seems possible that Lancaster Sound, 
Barrow Strait, and the northern part of Melville 
Sound in favourable years are navigable for 
69-90 days by ice-strengthened vessels. 
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(ii) Even with vessels of this type it is unlikely 
that navigation can be opened much before the 
beginning of August. 

(iii) The season could possibly be prolonged 
up to 120 days with the use of powerful ice- 
breakers, but it is too optimistic to consider a 
season as long as five months. 

(iv) There is no experience with ice-strengthened 
ocean-going tankers working under conditions 
such as those prevailing in Arctic Canada, but 
it is likely that with the assistance of powerful 
ice-breakers it will be possible to use these 
specially designed ocean tankers in these regions 
during the forementioned period. 


In connexion with this last point, it is of vital 
importance that the tankers have a smaller beam 
than the ice-breakers, otherwise they are liable to 
sustain very heavy damage. The approximate beam 
of a 16,000-ton dw tanker is 65 feet. Another 
point to bear in mind is that the longer the vessel, 
the less its manceuvrability in ice. 

The Canadian Government has a fleet of ten ice- 
breakers, five of them having been built during the 
last three years. The most recent is the John A. 
Macdonald, of 6186 gross tons and having a length 
of 315 feet, a beam of 70 feet, and a draft of 28 feet. 
It is propelled diesel electrically by 15,000 shp. It 
is of particular interest to note that she has a cruising 
range of 20,000 miles. 


THE PROSPECTS FOR THE PRODUCTION 
AND MARKETING OF PETROLEUM FROM 
THE QUEEN ELIZABETH ISLANDS 


Government Regulations Respecting the Administration 
and Disposition of Oil and Gas in the Queen 
Elizabeth Islands 

The “Canada Oil and Gas Regulations” came 
into force on the 13 April 1960 and apply to all lands 
forming part of Canada that are not within any 
province. 

A permit is granted giving permission to carry 
out exploratory work on lands applied for by an 
exploratory company. Apart from a small fee, a 
deposit to the value of five cents per acre for each 
acre included in the area for which application is 
made has to be handed to the Government as a 
guarantee for expenditures in exploration that will 
be made during the first half of the term of the permit. 
The term of the permit is six years at five cents an 
acre for the first three-year period and an additional 
guarantee amounting to 25 cents per acre for the 
second three-year period. Thereafter, the permit may 
be renewed annually, with increasing work guarantees 
of 30, 40, and 50 cents per permit acre for the seventh, 
eighth, and ninth years. The required work guarantee 
remains at this fifty cent figure for the tenth, eleventh, 


and twelfth years. These deposits are returned to the 
exploratory companies once actual exploration ex- 
penditures up to or exceeding the required amounts 
have been made. 

Land held under a permit may be changed to a 
21 year oil and gas lease at any time during the 
permissible 12 years permit period, but in so doing 
certain ‘‘ Canadianization ’”’ clauses have to be met. 
The main features of these are that leases will be 
only granted to companies incorporated in Canada, 
and these companies must be listed on a Canadian 
Stock Exchange, thus giving Canadians the oppor- 
tunity of participating in the financing and owner- 
ship of the company. 

Under the present regulations one-half of the 
permit acreage may be held as a lease while the other 
half is returned to the Government for disposal, 
usually by public auction. This is the Crown Re- 
serve system in force in the Canadian provinces and 
carries with it many features that preclude efficient 
methods of production. However, it seems likely 
that a joint development scheme will be put into 
effect whereby the area surrendered as Crown Reserve 
will be offered back to the company which held the 
land originally, and be operated by it under terms 
equitable to both the Crown and the discoverer of 
the oilfield. 


Geological and Photogeological Operations 

Numerous detailed geological papers and maps 
dealing with the Queen Elizabeth Islands have been 
prepared and published by the Geological Survey 
of Canada since 1954, so considerable regional infor- 
mation has been made available. In eddition, the 
Government of Canada has made available tri- 
metrogon photographs of the islands taken by the 
RCAF some years ago, and also a complete vertical 
coverage of photographs taken more recently. All 
these matters have been of tremendous assistance to 
those in the oil industry who are now engaged in 
seeking petroleum in the area. 

The exploration technique that is being followed 
is to first carry out a detailed photogeological analysis 
of the lands and then follow this up by sending in 
geological field parties to verify the photographic 
structural interpretations and to obtain stratigraphic 
information as well. The field work is then followed 
up by photogrammetrical studies of the structures 
to determine the amount of vertical and horizontal 
closure that exists. This system is working exceed- 
ingly well, and a vast area is being explored at a 
speed that would not be possible in other parts of 
the world. 

The field parties have been using small Piper 
Super Cubs equipped with large balloon tyres which 
enable them to land practically anywhere in the 
exploration region, even though the surface may 
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often be stony and rocky. The season without snow 
cover lasts from about mid-June to early September 
and, being daylight for the full 24 hours, a consider- 
able amount of work can be accomplished. How- 
ever, delays do occur due to fog and other conditions 
unsuitable for flying. 

The structures are being most clearly delineated, 
and thus it is believed that geophysical methods can 
be dispensed with, at this stage at any rate; it thus 
follows that the next step could well be the testing 
of the structures by drilling exploratory wells. 


Drilling Operations 

It is believed that the design of the rig equipment 
should be based on the assumption that several 
exploratory wells will be required to be drilled to 
8000-10,000 feet, with maybe one or two wells still 
deeper down to 13,000-15,000 feet. These require- 
ments could be met with a rig such as a National 
Ideal 55 A, or an Ideco H.525, using 44-inch drill 
pipe down to 10,000 feet and 2{-inch for the deeper 
portion of the deep tests. By keeping the rig size 
to a minimum, initial investment will be kept down 
and transportation costs—the freight to the islands 
and the rig moves between the islands—will be held 
as low as possible. Most of the potential oil structures 
are close to sea-water channels that open up every 
year for a period, so navigation between the Atlantic 
and the islands is possible. With British ports only 
3000 miles away, it seems logical that the rig should 
be shipped from Britain and unloaded by pontoons 
on to beaches close to the scene of operations. Along 
with the “ winterized’ rig would be all the other 
items—transport, camp buildings, casing, mud, 
cement, food supplies, and fuel. Sufficient expend- 
ables would have to be brought in by sea to keep 
operations going from one navigable season to another. 
All this material, totalling a little less than 3000 tons, 
could be shipped in one of a fleet of Danish polar 
vessels specially strengthened and designed to operate 
in ice filled waters. 

The drilling crews should be recruited from Western 
Canada, where there are several Canadian drilling 
contractors who have already had operating experi- 
ence on the mainland of Arctic Canada. 

The drilling procedure would be the same as that 
used in Northern Canada except that it would be 
necessary to set surface casing to 1500 feet to make 
sure all the perma-frost was cased off. About 50 
feet of 22-inch conductor pipe would be first set, 
followed by a surface hole drilled to 1500 feet, using 
mud at a temperature close to its freezing point in 
order to reduce the thawing of the perma-frost. 
Surface pipe of 133-inch od would then be cemented 
to surface using a low temperature cementing tech- 
nique, but thereafter a routine programme would be 
adopted. During a full twelve month drilling period 
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two wells down to 12,500 feet should be drilled at a 
cost of about $2 million, or alternatively six wells to 
6000 feet in the same period should be possible at a 
similar total cost. If it is initially considered advis- 
able to avoid drilling during mid-winter and drill 
for only seven months the expenditure should be 
around $1-2 million, with a proportional reduced 
amount of footage being drilled. 


Petroleum Production and Marketing Prospects 


Obviously the logical markets for petroleum pro- 
duced from the Queen Elizabeth Islands are the 


_ British Isles and Western Europe some 3000 miles 


away, together with the Maritimes of Canada and 
Montreal, again some 3000 miles away (Fig22). How- 
ever, equally obviously one difficulty about marketing 
oil from these islands is the fact that the seaways in the 
vicinity of the potential oil-bearing structures are 
open to navigation for only a short and limited 
period in each year. Nevertheless, the fact remains 
that certain channels in the Queen Elizabeth Islands 
are currently being used by ships from Montreal 
every year, and it thus follows that some oil could be 
shipped eastwards by tanker during each season 
immediately following the discovery of oil. This is 
a situation considerably different from that pertaining 
to certain landlocked areas, where even though the 
chances of finding oil in prolific quantities may be 
great, the reserves of oil that would have to be 
established before a long distance pipeline could be 
financed would be considerable. 

In this connexion it is noteworthy that the major- 
ity of the structures in the Eureka, Parry Island, 
or Cornwallis Fold Belts are within 25 miles of sea- 
water channels that open up seasonally for navigation. 
It thus follows that the amount of finance that will be 
required to pipeline the oil from wellhead to tanker 
will be relatively small. 

In an earlier section dealing with ice conditions in 
Canadian waters, the conclusion had been reached 
that ice-strengthened ocean going tankers assisted 
by ice-breakers could reasonably be expected to ship 
oil out for four months in the year. Naturally, 
however, an irregular supply is not so convenient 
from a refinery and marketing standpoint, and would 
be of less strategic importance than a supply that is 
spread evenly throughout a full year. In connexion 
with this, nuclear-fuelled oil-carrying submarines 
working throughout the year come to mind. How- 
ever, they are not brought into this discussion on 
account of the fact that, like landlocked areas, con- 
siderable reserves of oil would have to be established 
before the financing of a fleet of them could be contem- 
plated. 

In order to overcome the irregularity of supply by 
surface tanker it is suggested that storage be installed 
at some intermediate place adjacent to sea water 
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that is open the whole year round. Large earthen Detailed studies into the economics of a transporta- 
storage reservoirs, much cheaper to construct per tion system such as that just outlined will have to 
barrel of capacity than steel tanks, could be built in be made after oil has been discovered, but it is never- 
southwest Greenland in the neighbourhood of God- theless firmly believed that if large oil-bearing 
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Fig 22 
MARKETS FOR POTENTIAL QUEEN ELIZABETH PETROLEUM PRODUCTION 


Intermediate storage in SW Greenland 


thaab, where North Atlantic waters are always structures are found with conditions permitting wells 
navigable. Reservoirs such as contemplated could to be widely spaced and each of them being capable 
store oil in sufficient quantity to supply the markets of flowing at sustained high rates, then the extra 
for the eight months closed to Arctic navigation, and costs of navigating in ice waters and of handling at 
be drawn on by normal ocean-going tankers. the intermediate storage point could be absorbed and 
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still allow the oil to be competitively sold on the 
markets of the world. 


Conclusion 


Suitable petroleum source and reservoir rocks of 
all ages are known to be present, there are plentiful 
signs of petroleum substances, large folded structures 
many miles long and wide suitable for the entrap- 
ment of oil have been found, and a plan has been 
outlined whereby crude could be economically sup- 
plied to world markets initially for a limited period 
and later throughout the whole year by surface 
tanker. It is thus to be hoped that in the relatively 
near future drilling operations may start and result 
in a flow of oil to international markets in such quan- 
tities that it will be said that yet another major oil 
producing area of the world has come into being— 
the Queen Elizabeth Islands. 
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F. E. Wellings: At a time like this, when there is a 
world surplus of production capacity (affecting Canada 
more than most producing countries) and which is already 
causing curtailment of exploration, companies must con- 
sider carefully the costs of finding the additional reserves 
which will be needed in the next decade. Have any 
economic studies been made here to find out what size of 
oil reserves is required to pay off, given the logistics 
already described? 

The aerial photos and photo-geological maps, together 
with the splendid obliques in the Canadian Geological 
Survey paper in the AA PG Bulletin in 1954, remind me of 
similar aerial photos of folded Palzozoics in the Hoggar 
Mountains of Southern Sahara (substituting snow for 
sand, of course). Its Cambrian sandstones are now pro- 
ducing, and it is useful to cast one’s mind back ten years 
in North Africa and to recall how little interest was shown 
then in the Sahara and Libya, in spite of the folded sedi- 


VOLUME 47, NUMBER 449—MAY 196! 


CANADA AND THEIR PETROLEUM PROSPECTS—DISCUSSION 


DISCUSSION 


157 


Bibliography 


Dunbar, Moira, and Greenaway, Keith. ‘‘ Arctic Canada from 
the Air.” 

Dunbar, Moira. ‘ Patterns of Ice Distribution in Canadian 
Arctic Seas.” 

Kimble and Good. ‘ Geography of the Northland.” 

** Pilot of Arctic Canada,”’ Vol. I. 

Fortier, Y. V. ‘‘ Geology and Economic Minerals--Canada— 
The Arctic Archipelago.”’ 

“ Geology and Petroleum Possibilities in Canadian Arctic Is- 
lands,” Bull. Amer. Ass. Petrol. Geol., 1954, 38, 2075-2109. 

Heywood. ‘ Isachsen Area, Ellef Ringnes Island,” Geol. Surv. 
Canada Paper 56-8, 1957. 

Thorsteinsson and Fortier. ‘* Progress Report on Geology of 
Cornwallis Island,’’ Geol. Surv. Canada Paper 53-24, 1954. 
Thorsteinsson. ‘‘ Cornwallis and Little Cornwallis Island,” 

Geol. Surv. Canada, Memoir 294, 1958. 

Tozer. ‘ Prince Patrick, Eglington, and Western Melville Is- 
lands,” Geol. Surv. Canada Paper 55-5, 1956. 

Thorsteinsson and Tozer. ‘ Geological Investigations in 
Ellesmere and Axel Heiberg Islands, 1956,’ Arctic, 1957, 
10 (1). 

‘“* Helicopter Operations of the G.S.C.,”’ Geol. Surv. Canada 
Bull. 54, 1959. 

Christie. ‘* Geological Reconnaissance of the North Coast of 
Ellesmere Island,’’ Geol. Surv. Canada Paper 56-9, 1957. 
Blackadar. ‘‘ Geological Reconnaissance of the North Coast of 
Ellesmere Island,”’ Geol. Surv. Canada Paper 53-10, 1954. 
Thorsteinsson and Tozer. ‘‘ Western Queen Elizabeth Is- 

lands,”’ Geol. Surv. Canada Paper 59-1, 1959. 

“Climate of the Canadian Aretie Archipelago.”” D.O.T. 
Meteorological Division, Toronto, 1951. 

‘A Report on Sea Ice Conditions in the Eastern Arctic 
Summer, 1956-1957-1958,” Geographical Papers No 9, 
15, and 20, Ottawa. 

“ Long Range Ice Outlook, Eastern Arctic 1959." U.S. 
Navy Hydrographic Office, Washington. 

‘** Exploration of Naval Petroleum Reserve, No. 4, Northern 
Alaska.’ 1944-53. G.S.P. Paper 301, Washington. 

Wilkes, D. O., Hagen, W. F., and Nystrom, R. E. “ Earthen 
Storage Reservoirs for Petroleum,” Proc. Fifth World 
Petroleum Congress, 1959, VIII, 71-8. 

Gregory, A. F., Bower, M. E., and Morley, L. W. ‘ Geo- 
logical Interpretation of Aeromagnetic Profiles from the 
Canadian Arctic Archipelago,’’ Geol. Surv. Canada Paper 
60-6. 

Tozer, E. T. “‘ Summary Account of Mesozoic and Tertiary 
Stratigraphy of Canadian Arctic Archipelago,” Geol. Surv. 
Canada Paper 60-5. 

Private communications from—J. Lauritzen, shipowner; 
Bankeno Mines Ltd; Dome Petroleum Ltd; Dominion 
Explorers Ltd; Commonwealth Drilling Co. Ltd; Peter 
Bawden Drilling Co. Ltd have also been used. 


ments south of the sand. The Queen Elizabeth Islands 
do not have live seepages, only foetid limestones and 
bituminous shales, but neither does the Sahara or Libya, 
although the thick permafrost here may have prevented 
the escape or detection of seeps. 

Mr Cameron has quoted ample thicknesses of possible 
reservoir, cover, and source rocks in various basins, and 
there appear to be enough accessible structures already 
mapped by photo-geology and photogrammetry for 
testing to begin without geophysics. It is typical of oil 
prospecting that the most accessible structures seem to 
be the deepest exposed, and that the Sverdrup Basin on 
the Arctic Ocean, where the section is thickest, has the 
surface Cretaceous flat and the most unfavourable 
climatic conditions. Are the piercement plugs here pros- 
pective themselves? 

Finally, does the author think that the Crown reserve 
system applied over these big structures will lead, as on 
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the mainland, to waiting for auction of the discarded 
halves. 


A. Bryce Cameron: I think that Mr Wellings’ remark 
about the permafrost might well prove to be true. The 
permafrost in this region is said to go down to about 
1200 feet, and that itself might form a considerable cap, 
even in an outcrop of a porous rock, and form a trap there. 

Regarding the question of reserves, two gentlemen have 
calculated reserves based on the volume of sediments— 
based on the ratio of sediment in the U.S.A. and dis- 
covered oil—and some large reserve figures have been 
presented in the press. Ido not know what the economic 
limit for research should be, but we have an idea that the 
rate of production per well should not be the 50 bd that 
we have in Alberta, but ought to be about 1000 bd, which 
is not a very high figure really, bearing in mind Middle 
East figures and so on. In fact, but for prorationing, 
quite a number of Alberta wells can flow at 1000 bd from 
limestone formations. The formations in the Queen 
Elizabeth Islands are limestone and dolomite in most 
cases—certainly all the paleozoics are—-and were folded 
and therefore well fissured. Thus high production rates 
can be expected. The 1000 bd rate per well could 
prove to be an economic daily minimum. 

I do know that the Crown reserve system is incorporated 
in the regulations, but it is hoped by many parties, and 
may be supported by the Canadian Government, that 
the system of bonus payments, etc., for returned lands 
will not be put into effect. There is talk of a joint 
development scheme whereby the discovery company 
gets back the land returned to the Government on the 
basis of paying a higher royalty rate, or of doing explora- 
tory work on the land. That aspect has not been settled, 
but if the Crown reserve system is put into effect, as in 
the provinces, then one has difficulties such as corridors 
across structures, and newcomers acquiring these lands 
through bonus payments followed up by unnecessary 
drilling. For example, in the Leduc field of Alberta there 
are 450 wells producing from the D3 when in fact about 
50 wells would have been sufficient. It is hoped that more 
of a Middle East type of land situation can be developed 
up there—a system that would encourage wide spacing, 
very few wells, and the drilling of wells only when there 
is a need for them. 


N. L. Falcon (The British Petroleum Co. Ltd): All oil 
geologists are interested in oil exploration anywhere 
where there could be prospects, and we all feel that in due 
course the Queen Elizabeth Islands will be explored. 
However, from the geological point of view there are far 
more things which ought to be known before an adequate 
assessment can be made. 

For instance, the Parry Islands folds are extremely old; 
after formation they were planed off, covered over by the 
Permo-Pennsylvanian and higher formations, and then 
all the cover was stripped off. This of course is not a 
very favourable history, because there has been an 
enormous amount of time when any oil which may have 
been accumulated underneath could have escaped. 
There are many parts of the world with very attractive 
old anticlines in which there are no hydrocarbons. 

Just before Christmas there was an interesting report 
in the press saying that the Russians in Siberia had been 
finding or looking for hydrocarbons under permafrost, 
and although it did not say what was going on, I think 
sufficient was said to make it possible to guess. I became 


interested in the effect of permafrost on seepages some 
time ago when I was asked to advise on the oil prospects 
of an area in East Greenland where there were some mud 
voleanoes. Also our little Formby oilfield in England 
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has presumably been ice-covered—for all we know it may 
have actually accumulated where it is to-day underneath 
the ice or in the permafrost zone. Permafrost is not of 
the same thickness everywhere, and the thickness, I pre- 
sume, depends on the local temperature gradients in the 
rocks near the surface; the iso-geotherms may be higher 
under anticlines than under synclines, so perhaps the 
permafrost zone is thinner under anticlines than under 
the synclines. In looking for actual evidence of liquid 
hydrocarbons in Mr Cameron’s area, where there are 
anticlines which can be drilled to-morrow if one has the 
courage, I suggest consideration should be given to the 
possibility of bringing in a light rig, able to drill not very 
far below the bottom of the permafrost on whatever anti- 
clines seem to have the best closures. There the iso- 
geotherm contours may also be closed and if there are 
any liquid hydrocarbons deeper down, some evidence of 
oil may be found even though they may not be commercial] 
oil accumulations. If that was done, using a lightweight 
outfit able to drill to about 1000 feet, and a Formby type 
oil accumulation was found underneath the ice, the area 
would become much more attractive. I say that because 
the evidences of oil which there are in the Queen Elizabeth 
Islands now, while perfectly satisfactory, to the ex- 
perienced oil explorer are not enough. Better indications 
can be found in the Midlands Valley of Scotland, the 
Pennines, and in Shropshire, but no significant oil has 
been found there, which suggests a need for caution in the 
difficult Arctic environment. 


Dr P. E. Kent (The British Petroleum Co. Ltd): I had 
the pleasure of a trip to the same area in 1959, a briefer 
trip than those Mr Bryce Cameron enjoyed, but enough 
to obtain a general view of the Queen Elizabeth Islands in 
particular. I formed a favourable impression of this area 
as an oil prospect, if one could eliminate the geographical 
aspects. Palzozoics, for example, have excellent reser- 
voir rocks—there are very thick dolomites with good 
porosity, smelling of oil, great thicknesses of source rocks, 
and on the whole there appears to be remarkably little 
evidence of Palwozoic induration or that the rocks have 
been too greatly maltreated for oil country. There is 
every chance, in fact, that where there is a coincidence of 
cover and suitable reservoirs, oilfields may be found at 
depth. I think that some degree of optimism is quite well 
justified in regard to this region. 

But 1959 was a bad ice year, and it was quite appreci- 
ably worse than the map which Mr Cameron has included. 
Resolute, as we have been told, is the main supply base 
for the Queen Elizabeth Islands, but in 1959 there was a 
question until late in August whether the convoy would 
get through at all. It was iced-in 100 miles out, and two 
ice-breakers, which at the time were the most powerful 
in Canada, ali but failed to get the convoy through. In 
fact the wind changed, the ice eased up, they got through, 
and were given a maximum of three weeks to unload, 
which was rather longer than needed. 

Resolute is the most accessible point of the islands for 
the use of motor transport. Bradstock Bay is a possible 
alternative base. But that is a long way short of reach- 
ing Melville Island, the winter harbour which Parry 
reached. Of course, Parry did this sort of thing in a 
sailing boat, whereas nowadays the ships that go there 
have the advantage of very considerable horsepower, but 
the above does illustrate the fact that one has to go pre- 
pared for much limitation or intermittent interference 
with communication. This is a factor which will, in the 
long run, increase the expenses of the operation, and will 
add a rather inconvenient degree of uncertainty, both as 
to exploration and later, perhaps, to moving oil out. 

Then there is another problem on which not very much 
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has been said, i.e. radio communication, which in those 
latitudes is again rather an uncertain factor. I am not 
in @ position to discuss the physical reasons, but it is a 
fact that radio silence for periods of hours or up to as 
mouch as 11 days is well known in Resolute, which will 
interfere not only with contact between the base and the 
out-stations but also with navigational aids. This sort 
of thing, plus very bad flying weather, will in the long run 
lead to quite a casualty rate, or a serious danger of it, 
unless some novel method of navigation is developed. 
Leaving that side of things, one of the most entertain- 
ing aspects of this Arctic area from the geological point 
of view is the large gypsum plugs. Mr Bryce Cameron 
referred to them as salt plugs, and I would be interested 
to know whether he believes they are salt plugs at depth. 
They may very well be, but so far there has been re- 
markably little evidence of sodium chloride in them. 
As far as I know, the evidence is all of gypsum and 
anhydrites. Aero-magnetic traverses have crossed them, 
and a sort of annular anomaly is found, a * high ” over 
the edge of the plug, which is presumably related to the 
turn-ups of igneous rocks on the periphery of the plug. 
But it would be very interesting indeed if a gravity survey 
could be run across one of these plugs to find whether 
there is a negative anomaly which indicates salt at depth. 
A lot of weight is being attached to these plugs as oil 
prospects, and it is quite important to examine the 
mechanism by which they reach the surface. 


A. Bryce Cameron: I agree that the ice conditions can 
be quite formidable; wind and weather do alter the ap- 
proaches, but along Parry Sound, as far as Resolute Bay, 
ships have been coming in every year since the shipment 
of cargoes was started after the war, when weather 
stations were established. But day to day conditions do 
vary according to wind, and other factors. 

I myself have experienced four days of radio blackout 
when, though not knowing what the weather was like at 
Resolute Bay, we were held up at Cambridge Bay and 
were not able to proceed further. From Cambridge Bay 
to Resolute Bay is some 500 miles, or 1000 miles there and 
back, and our small aeroplane had a range of 800 miles, 
which would have meant rather a long walk if we had 
come down. But these things are not occurring all the 
time. 

I am afraid I used the words “ salt: plugs ”’ rather 
loosely. A piercement dome is what I really meant to 
say. I too have no evidence of salt, 7.e. sodium chloride, 
and what Dr Kent suggests about a gravity survey might 
be most interesting indeed. 


Peter Bawden (Peter Bawden Drilling Ltd): We have 
been drilling in the Western Arctic for the past two years 
and the problems which have been emphasized in the 
question period are most important ones in any such 
remote area—those of supply, re-supply, and communi- 
cations. As far as the performance of drilling operations 
in the North is concerned, we find that, with careful 
planning, problems are not much greater than operating 
in parts of Northern Alberta and British Columbia, as 
Mr Cameron has suggested. Certain precautions must 
be taken, however, when working in very cold areas, 
more than are necessary in more southerly areas of 
Canada. 

From a transportation point of view in operating in 
these places, an effective airlift is almost a necessity. 
Despite the very bad flying conditions encountered in our 
operations in the Western Arctic, we have never failed to 
get our aircraft, a DC-3, to the location every time we 
have attempted it, and the aircraft has never been held 
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up by weather for more than a day or two. In the 
Arctic Islands weather is somewhat more difficult, and 
our study indicates that at no time would we ever be held 
up for more than ten days. 

On the matter of aircraft radio facilities, | would say 
that navigating the aircraft has never presented any 
serious difficulties. It is a difficult flying area, however, 
and experienced pilots are essential. There are ADF 
beacons in the area, and when planes depart from one 
point the radio compass can be set on the next. The 
beacons are higher powered in that area, so they are 
effective over a great distance. As has been pointed out, 
atmospheric conditions do occasionally hamper their 
successful operation. 

The Dew Line, which is on the northern edge of the 
continent, has excellent communications, but these are 
only available to defence people who are working on the 
Dew Line. The Canadian Government has not so far 
made any large contribution towards good communica- 
tions for civilians. We feel that their equipment is anti- 
quated and outdated, and when operators such as 
Lobitos go into this area they should have no problem if 
they purchase good modern radio equipment. Last 
summer we set up a small radio set weighing about 60 lb 
in a tent, with a 60-1nph wind blowing, and successfully 
spoke to our office in Edmonton over a 1500-mile distance. 
We also talked 1000 miles to the south and west and had 
a very excellent conversation with the crews on our other 
Arctie rig. Communication will certainly improve as 
activity increases. 

As far as drilling in the Islands is concerned, we foresee 
no major problems, either in the drilling or re-supply 
operations, or subsequent completion of oil wells. 

To comment on Mr Cameron’s paper, having visited 
the area personally and having had a great interest in 
Arctic areas and operations for a number of years, I feel 
that he has been conservative and has given a very fair 
and reasonable presentation of the facts and conditions 
in Canada’s Arctic Islands. 


E. Cooper-Scott: I think that members might be 
interested in one case of seepage 1 know of in permafrost 
conditions in the North West Territories. It occurs at 
Rond Lake in outcropping Cretaceous age rocks and a 
profile of shallow wells was drilled to examine it. It was 
found that the Cretaceous rocks were of very small sur- 
face extent and were in fact an outlier resting on Devonian 
rocks, and thus there was a very big unconformity 
between the two. 

There is no oil impregnation in the Devonian; there- 
fore it would seem that the Pleistocene ice age, which 
eroded all but this small outlier of the Cretaceous, froze 
its oil content and trapped it in situ from that time up 
to the present day. 

Now each summer the sun’s heat melts a little of the 
Pleistocene ice and releases a little of the oil content. 


W. M. Booth (Commonwealth Drilling Co. Ltd): 
Transportation of drilling equipment around the islands 
is an interesting problem that we have looked into. I 
had the pleasure of making two trips with Mr Cameron 
to the islands last summer, in conjunction with our 
transport superintendent, who has appraised the problem 
of moving the equipment on the islands, as well as making 
the initial beach landing and move-in. We think at 
present that on the initial venture into the islands we 
should use Athey wagons towed by Caterpillar tractors 
for transportation of the drilling equipment. During 
two months of the summer, the ground thaws to a depth 
of 2 or 3 feet and there are quite a few soft areas where 
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this type of equipment would be required. During the 
other ten months, the ground is frozen and soft areas are 
not a problem. Drifting snow may become a problem 
at that time, but here again the Athey wagon should be 
suitable. 

There is an estimated 1000 to 1200 feet of permafrost 
which may pose some problems from the drilling stand- 
point. There is some thought that it may be necessary 
to drill this permafrost with a drilling fluid at a tempera- 
ture below the freezing point of the formation to prevent 
thawing of the permafrost. This could be accomplished 
by use of cold brine solutions or even diesel fuel. Several 
cementing companies have made investigations of the 
problem of securing a good cement job on the surface 
casing to ensure that it is well stabilized and is well 
anchored for blowout prevention. It appears that this 
can be accomplished without much difficulty. 

From a personal standpoint, we visualize two crews on 
a 12-hour basis operating the rig. These crews would 
work in the area possibly four weeks, and would then be 
flown out for a two-week rest period in their home vicinity. 
We think that with proper provision for good food, 
recreation, and mail deliveries, crew morale would be no 
problem, even in periods of winter operation where total 
darkness exists for 24 hours. In contrast to this, the 
summer provides ideal working conditions, with 24 hours 
of daylight. 


R. Sparrow (Peter Bawden Drilling Ltd): I would like 
to mention two points which we have found of interest. 


We have drilled two wells in the MacKenzie Delta area of 


the North West Territories, the last one being approxi- 
mately 75 miles north of the Arctic Circle (Latitude 67° 
35’ N). In this last well, we were advised by the 
Canadian Government that we could anticipate 600 to 
800 feet of permafrost. With the experience that we 
had gained in our first well, where we had encountered 
about 500 feet of permafrost, plus studying the work that 
the U.S. Navy had done on their petroleum reserve in 
Alaska, we found that we were able to drill the first 
60 feet of clay and overburden with a gel water slurry, 
without having any freezing problems. We then 
cemented 20-inch conductor casing at that depth with- 
out having any major cementing problems. We did 
warm our cement slurry and add calcium chloride to set 
the cement. The remainder of the surface hole we 
drilled as we would drill anywhere in Canada, and 
cemented the surface casing with normal cementing 
practices. 

We found that during the extremes of winter tempera- 
tures, particularly below —40° F, steel became very 
brittle and would shatter like glass under severe shock 
loading. This was a phenomenon that we had possibly 
expected, but we were not quite prepared for the severity 
with which it affected some of our equipment. Mr Booth 
has mentioned Athey wagons, which we operated through- 
out the winter. The hitches on the Athey wagons were 
made of 20-inch square sections of steel, and some of those 
broke right through, because of shock loading during 
severe temperature conditions. 


— Guest (F. Perkins Ltd): When Mr Cameron showed 
the area enclosed by an isosceles triangle I found it a 
little difficult to visualize what distances we are looking 
at over all the islands. What would be the dimensions 
of that triangle? Secondly, are similar activities going 
on in the latitudes in the northern part of Alaska, 
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Greenland, or is anything going on in Russia in these 
latitudes and on a similar sort of scale? 


A. Bryce Cameron: The southern limb of that triangle 
must be about 800 miles long, and the northern limb, 
going up from the apex of the triangle to the top of 
Ellesmere Island, 800 miles as well. The base, along the 
Arctic Ocean, would be a bit more. 

Regarding similar operations in Greenland, I would say 
that none are going on and, moreover, we do not know 
of any suitable sedimentary conditions in Greenland to 
visualize anything happening there. On the Arctic 
shore of Alaska there are oil and gas wells on a naval 
reserve. They were discovered during and after the 
second world war, from 1944 to 1953, during which time 
the Americans sent large task forces with many drilling 
rigs and seismic operators. Photo studies were also 
made, quite a number of wells were drilled, and oil and 
gas were found on the northern shores of Alaska. In 
Southern Alaska, also, oil has more recently been found, 
but that is outside the Arctic Ocean. 

Concerning Russia, I am afraid I have not recently 
refreshed my memory, but I seem to recall that con- 
siderable activity is going on in Siberia and other areas 
fronting the Arctic Ocean. 


Dr L. V. Illing: In connexion with Mr Cameron’s 
last remarks about Russia, the symposium on Arctic 
Geology organized and sponsored by the Alberta Society 
of Petroleum Geologists in January 1960 has just been 
published by the Toronto University Press. In it there 
will be found extensive Russian contributions (in English) 
and maps on the Soviet Arctic Regions, contributions on 
the Canadian Arctic, Danish contributions on Greenland, 
discussions of Spitzbergen and Iceland, and also American 
contributions on Alaska. 

In connexion with the geology of the Canadian Arctic 
Islands, I think a tribute should be paid to the Geological 
Survey of Canada, whose officers have done and are doing 
a magnificent job there. The situation is entirely dif- 
ferent from that in the petroleum provinces of Western 
Canada, where, since Leduc was discovered in 1947, the 
petroleum industry has poured in geologists by the 
hundreds. With very limited manpower, the Survey has 
been hard put to it to keep up with the developments 
resulting from oil and gas exploration, and there is a 
tremendous amount of detailed geological information, 
both surface and subsurface, in industry files with which 
the Survey is not and cannot be familiar. 

In the case of the Arctic Islands, starting in 1954 or 
thereabouts, the Survey has gone in and has pioneered. 
The interest of industry came later, and was in fact 
founded on Survey reports. Most of the geological 
knowledge that we have now, particularly the regional 
picture which is so important at this early stage in 
exploration, is, as I am sure Mr Cameron would agree, 
based on the work of the Geological Survey of Canada. 


A. Bryce Cameron: I would like to give my full support 
to the view that we owe much to the Geological Survey 
of Canada. They have done an enormous amount of 
work up there. If it were not for that work, we would 
possibly not have been attracted to the area at all and 
would certainly not have progressed as far as we believe 
we have. They have done a magnificent job. 


The President then called for a vote of thanks to the 
author, which was accorded with acclamation. 
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WRITTEN 


Dr G. D. Hobson (Imperial College): It would appear 
that production from the wells for only part of each year 
is visualized. Otherwise, large storage facilities would 
have to be constructed locally, as well as those suggested 
for construction in Greenland. Production for only a 
few months each year raises a number of problems. The 
overall producing life of a field might be substantially 
longer than that of an equivalent field produced con- 
tinuously. Consequently, is a period of 21 years reason- 
able for the lease? The income to repay the capital 
invested would be obtained more slowly than usual, 
reducing the present-day value of the recoverable oil. 
To offset these factors there might be justification in 
increasing the number of wells beyond the minimum 
which might be appropriate for a similar field in a better 
climatic zone. The producing rates at abandonment 
would probably have to be higher, and the probable long 
producing life would call for greater durability in well and 
other equipment than elsewhere. There might, however, 
be some advantages in intermittent production, provided 
that excessively high well rates were not used during the 
producing periods, although this might not be the case 
in all types of oil accumulation. Development and 
operating policies would have to take note of these con- 
siderations, and the final legislation should not ignore 
them if the search for oil in these remote areas is to be 
encouraged. 


B. H. J. Thoms (Dept of Northern Affairs and National 
Resources, Canada): One of the things which does not 
seem to have been made apparent in the paper is that 
most of the land held under exploratory permit in the 
islands, where coasts or part of coasts become seasonally 
ice free, is nearer than 40 miles to navigable tide water. 
This means that no long-distance crude oil pipelines will 
be required to take any oil that may be found to a tanker 
loading point. 
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DISCUSSION 


Very large recoverable reserves of crude oil will have 
to be found before the capital outlay required for the 
building of nuclear-fuelled submersible tankers could be 
justified. These vessels have already reached the design 
study stage both in the U.K. and in the U.S.A. and such 
information as has been released indicates that these 
vessels are technically practicable. Until sufficient 
recoverable reserves are found to make economic the 
building of a submersible tanker fleet, it should not be 
overlooked that seasonal deliveries of Arctic Island crude 
could be made on a spot basis to markets in North-west 
Europe and on the Atlantic seaboard of Canada. The 
advantage of this is obvious, as some income may be 
expected to be obtained during the first open navigation 
season after oil is discovered. The possibility of some 
immediate revenue is not generally the case when a land- 
locked discovery of oil is made. 

It might be mentioned that in August 1960 a master 
mariner from Copenhagen, with great experience in 
Arctic navigation, accompanied one of the parties visiting 
the islands. He expressed the opinion that for conven- 
tional ships seasonal navigation in a normal year might 
be expected to extend over a period of four months, 
though an accompanying ice-breaker would be required 
during the build-up of new ice after it had reached a 
certain thickness. The beaches examined showed amply 
deep water near the shore, and navigation generally, it 
appeared, would be easier than on the Antarctic and 
East Greenland coasts. 

It is well known that the build up of new ice is much 
more gradual than its fairly rapid melting (Fig 3), and 
for this reason it is unlikely that surface navigation could 
be opened earlier in the season than early August. This 
is the time that the annual re-supply convoy for the exist- 
ing settlements now arrives. During the period of 
ice build-up one ice-breaker could accompany several 
tankers. 
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THE FLOW OF OIL AND GAS MIXTURES IN WELLS AND PIPELINES: 
SOME USEFUL CORRELATIONS * 
By W. J. BAKER f (Associate Member) and K. R. KEEP f 


SUMMARY 


Calculations relating to the flow of oil and gas mixtures in oil wells and pipelines involve the integrals of (vdp) 
and (pdp). General correlations have been obtained from 22 Middle East crudes which enable these integrals to 
be evaluated lor any pressure changes occurring in a well or pipeline. It is estimated that the correlations are 
about 5 to 10 per cent accurate for oils with stock tank specific gravities in the range 0-80 to 0-92 (45° to 22° 
API). A correlation of gas—oil ratio with saturation pressure, similar to that of Standing,’ has also been obtained. 

These correlations simplify the design of oil well flow-strings and flowlines to the extent that it becomes no 
more difficult than designing for single phase flow. At the same time it is only necessary to know the saturation 
pressure and stock tank gravity of the oil in order to carry out flow calculations within reasonable limits of 


accuracy. 


The method of plotting the integrals, in which pressures are expressed as fractions of the saturation pressure, 
results in a single curve covering the whole range in saturation pressures. This is of particular value in that it 
means that it is only necessary to establish the relationship at one saturation pressure. The use of the curves 
can thus be extended to include the case of a well producing at higher than the original gas—oil ratio, or by 
gas lift, by using an equivalent saturation pressure obtained from the correlation of gas—oil ratio and saturation 
pressure. A condition that must be satisfied in using the correlations is that the oil and gas flow as an intimate 


mixture and no separation of the two phases occurs. 


NOMENCLATURE 

p = pressure, psia 

Yr, saturation pressure of the oil and gas mixture, psia 

v specific volume of the oil and gas mixture, cu ft/lb 
", specific volume of the oil and gas mixture at p,, cu 

ft/Ib 

p = density of the oil and gas mixture at p, lb/cu ft 

p, = oil density, lb/eu ft 

Py gas density, lb/cu ft 

R = gas-oil ratio, vol of gas at average flowline tempera- 

ture/vol of stock tank oil at 60° F 

h height above a datum level, ft 

u = velocity of the fluid, ft/sec 

w = mass flowrate, Ib/sec 

Q = flow rate, bd 

g = 32 ft/sec/sec 

L = length of the pipeline, ft 

D = internal diameter of the pipeline, or casing, ft 

d == external diameter of the tubing, ft 

= friction factor 

pe = viseosity of a liquid, fps units 
W, = external work done by or done on the fluid, ft Ib 
W, = energy loss by friction and gas slippage, ft lb 
S = slippage loss, ft 

G@ = specific gravity of the oil, 60° F/60° F 

T 

b 


ul 


== temperature, ° F 
= velocity of gas slip, ft/sec 


= pdp 


» 
vdp 


~ 
> 


~ 

ry 


I(v*) = vidp 
J», 
64F 
gr 
Subscripts | and 2 denote the initial and final values of a 


quantity. 


INTRODUCTION 


Tue production of oil from reservoirs through casing 
or tubing and its transportation through surface pipe- 
lines to production centres involves calculations of 
pressure changes due to the flow of oil and gas mixtures 
of varying densities. These become especially im- 
portant in typically large fields of the Middle East, 
where highly productive wells on wide spacings are 
connected to gathering centres by long flowlines. 
Another important application is in the flow of oil 
and gas mixtures from offshore wells through long 
pipelines to separator stations on land. 

Calculating techniques for obtaining pressure losses 
in pipes as a function of flow rate have been described 
by a number of authors.7>5 The methods that have 
been developed are very similar in principle and are 
based, in effect, on various ways of integrating the 
differential energy equation for a unit mass of a gas— 


oil mixture. The resulting formule involve | vdp for 


describing vertical flow in oil wells and | pdp for 


horizontal flow in surface pipelines. 

The normal and most direct way of evaluating the 
integrals is from (p-v-7') measurements on bottom 
hole samples of the crude oil. The measurements 
would have to be repeated on a range of samples if 
there was a significant variation in saturation pressure 
in different parts of a reservoir, and also to cover any 
changes in saturation pressure with production. 
Similarly, another series of measurements would have 
to be made on, say, first stage separator samples if it 
was proposed to flow the separated oil for any distance 
through a pipeline. 


* MS received 8 August 1960. 


+ The British Petroleum Co. Ltd. 
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The correlations presented in this paper, which are 
based on (p-v—7') measurements on 22 Middle East 
crudes, make it possible to evaluate the integrals with 
an accuracy of 5 to 10 per cent without having 
recourse to a large amount of laboratory work. 
Essentially the correlations have been obtained by 
plotting the integrals divided by the saturation 
pressure against pressure expressed as a fraction of 
the saturation pressure. This results in a single 
curve for a particular oil which applies to the whole 
range of saturation pressures. Thus when (p-v—T’) 
work is carried out on crude oil from a newly dis- 
covered reservoir it is only necessary to make measure- 
ments at one saturation pressure to cover all possible 
cases of flow. 

The saturation pressure required when using the 
correlations is that of the flowing oil and gas mixture 
which may be the same or may differ from the original 
saturation pressure, depending on the circumstances. 
For example, under solution gas drive conditions the 
saturation pressure varies throughout a reservoir and 
the produced gas-oil ratio increases with production. 
Changes in well potentials with production for such 
cases can be calculated using an increasing saturation 
pressure. The latter can be estimated from a gas—oil 
ratio v. saturation pressure correlation presented in a 
later section concerned with gas lift calculations. 

It is implicitly assumed when calculating flowing 
pressures by means of the correlations that the gas 
liberated from the oil by a reduction in pressure is 
uniformly dispersed throughout the oil, and that this 
gas does not separate out from the oil on account of 
its density difference. Thus the correlations do not 
apply to the situation, called gas slippage, where small 
gas bubbles rise through the flowing oil, and they also 
do not apply to slug-flow in which large scale separa- 
tion of the oil and gas occurs and slugs of oil and gas 
flow separately. 


THEORY OF THE FLOW OF OIL AND GAS 
MIXTURES IN PIPES 


The energy balance for one pound of fluid in a pipe 
can be written as 


—144 vdp = dh +- d(u?/2g) 4+- Wi + We (1) 
(a) (b) (c) (e) 


where the various terms, all in ft lb, are: 


(a) energy of expansion of the fluids; 
(b) potential energy change; 

(c) change in kinetic energy; 

(d) loss of energy by friction, etc. ; 
(e) external work. 


For the cases considered in this paper the kinetic 
energy term is negligible and the external work is zero. 
The integration of equation (1) to determine 
pressure losses in pipes takes various forms, depend- 
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ing on the relative importance of the potential energy 
term and the energy loss in the pipe. It is usual to 
distinguish two cases, namely, 


(1) horizontal flow in pipes; 
(2) vertical flow in wells. 


In the first case, energy loss from friction is the 
dominant term, and small changes in the elevations of 
the ends of the line causing potential energy changes 
are applied as corrections. In the second case, 
potential energy changes are large and energy losses 
are treated as corrections. 


Horizontal Flow in Pipes 
In horizontal flow equation (1) becomes 


but e= 
—144 pdp = 
from which 


Pr 


where p, < p,. When p, = p,, the saturation pressure 
the integral multiplied by 144 will be denoted by 

The evaluation of the friction factor F for a two- 
phase mixture of oil and gas is a problem for which no 
general solution has yet been found. A natural first 
approach to this problem is to treat it in the same way 
as for single-phase flow where the friction factor is 
correlated with the Reynolds Number, Deu/y.6 The 
product pu is constant for a two-phase mixture of oil 
and gas, and can therefore conveniently be evaluated 
from the density of the single-phase saturated oil and 
its equivalent velocity in the pipe; there is no means 
of evaluating the viscosity » of the mixture. Yocum? 
found that good agreement with experimental data 
was obtained if the liquid phase viscosity was used to 
determine the Reynolds Number and the friction 
factor obtained from the standard correlations for 
single-phase flow. Baxendale‘ ignored viscosity and 
obtained a good correlation of F against Deu for La 
Paz crude over rather a limited range of pressure and 
specific volume. It is interesting to note that the 
values of friction factor which he obtained at the 
higher rates of flow fall in the comparatively narrow 
range of 0-002 to 0-0025. This agrees with our own 
experience with Middle East crudes and also, incident- 
ally, with the friction factors for single-phase flow at 
high Reynolds Numbers. It would therefore appear 
fairly safe to use a friction factor of this order except 
in the case of very viscous crudes or very low rates of 
flow. Furthermore, equation (2) shows that the flow 
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rate varies inversel\i as the square root of the friction 
factor, and can therefore be estimated with an 
accuracy of +5 per gent if a mean value of the friction 
factor of, say, 0-0023 is used. 

Thus in calculations of oil and gas mixtures in 
horizontal pipes the chief problem is to evaluate /(¢). 
The correlations in this paper enable this integral to 
be determined from the saturation pressure of the oil 
and gas mixture and the stock tank specific gravity 
of the degassed oil. 

In the case of an inclined pipeline the static pressure 
drop (or gain) may be caleulated from the mean 
density of the oil and gas mixture and the difference 
in elevations between the ends of the line. The mean 
density is obtained, as a first approximation, by 
dividing the value of J(e) by the frictional pressure 
drop, as caleulated for a horizontal line of the same 
length. This method is sufficiently accurate if the 
angle of inclination of the pipe is small and the static 
head a smal! proportion of the total pressure drop, as 
is usually the case. If the angle of inclination is very 
great the problems may be treated in the same way 
as for a well using a modification of equation (4). 

It is assumed in problems of the flow of gas-—oil 
mixtures that there is equilibrium between the two 
phases at all pressures. This assumption is con- 
sidered to be quite valid under conditions of turbulent 
flow and falling pressure, but there is some doubt as 
to whether it is altogether true in the case of rising 
pressure, such as occurs in flow down a steep gradient, 
because it has been observed that gas comes out of 
solution much more readily than it goes into solution. 
This affects the calculation of static pressure differ- 
ences in an inclined flowline, where the gradients may 
be both positive and negative, to the extent that any 
theoretical gain in pressure on the down grades will 
probably not be attained in practice. 

A further point of great practical importance is that 
a sharp change of gradient from positive to negative 
is liable to cause gas locking, due to gas accumulating 
at the highest point, and should therefore always be 
avoided by suitably grading the line. 


Vertical Flow in Wells 


When friction and other energy losses are negligible, 
the integration of equation (1) gives directly the 
height A in feet to which one pound of the mixture 


will be lifted by a pressure drop (p, — p.), as follows: 


| 


When p, = p,, the integral, multiplied by 144, will 
be denoted by /(v,). As with the case of horizontal 
flow, correlations in this paper will enable this 
integral to be determined from the saturation pressure 
and the stock tank specific gravity of the oil. 
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At flow rates where friction is appreciable, equation 
(1) becomes 


144 dh 


which can be written in the form 
—144 vdp = dh (1 


64Fu2 
and v 


| 


In the majority of cases Kv? << | so the denominator 
of the integral can be expanded by the binomial series 
and, neglecting terms in (Kvr?)? and higher powers, the 
formula for h becomes 


Kr?) 


where K 


Hence 
vdp 


P2 
h = 144 / - 44K | . (5) 
‘ Ps 


When p, 


p, this becomes 


h = I(v,) — Ki(v,*) . . . (6) 


Comparing this equation with equation (2), it is clear 
that friction reduces the lift A by AJ(v*). This is 
easily changed to a loss of pressure, as will be shown 
later in an example. A correlation has also been 
obtained for /(v*) by expressing pressures as fractions 
of the saturation pressure, as in the correlations for 
I(e) and I(v). 

Equation (4) can be applied to the case of an 
inclined pipeline if K is multiplied by cosec 6, where 6 
is the angle of inclination of the line to the horizontal. 


Flow in an Annulus 

The above equations apply to flow in tubing or 
casing where the cross-section is circular. Wells are, 
however, frequently produced through the annulus 
between the tubing and the casing, and in this case 
the same equations may be used, though with a 
different value of K. The value of A for an annulus 
is given by the equation: 


64 
D? d?)?(D — d) 
Gas Slippage 
It should be noted that in the vertical flow of an 
oil-gas mixture there is always a further loss of 
energy due to slippage of the gas through the oil due 
to the difference in density of the two phases. 
Slippage becomes the predominant source of energy 
loss at very low rates of flow, such as would not 
normally occur in a properly designed flow string, but 
it is always present to some degree, and may be 
appreciable, even at high rates of flow, if the gas—oil 
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ratio of the flowing mixture is high. A theoretical 
treatment of the slippage problem has been given by 
May and Laird,? but this is not easily applied to 
practical calculations. The following empirical equa- 
tion, which was evolved from a careful analysis of 
flowing conditions in two of the Persian oilfields, is of 
interest as an indication of the sort of way slippage 
loss varies with flow rate, etc., but it is not claimed to 
be of universal application. 


S = 990 — v,) 


where S = slippage loss, ft; 
v = specific volume of mixture at flowhead 
pressure, cu ft Ib. 


The velocity of slip, 6, is the velocity of the gas 
bubbles relative to the oil and tends to decrease as the 
specific volume of the mixture increases, and is 
thought ultimately to disappear at some stage where 
a stable foam is formed. It was found, however, that 
a constant value of 0-5 ft/see could be used with 
reasonable accuracy up to a ratio of vv, = 5. 


The Effect of Temperature 

The main effect of temperature is on the energy of 
expansion of the oil-gas mixture, and, in the case of 
isothermal flow, it is taken care of by using a value of 
the saturation pressure corrected to the temperature 
of flow. The flowing temperature of a gas-oil 
mixture under adiabatic conditions falls as the 


mixture expands, but in practice it is also affected, 
usually to a much greater extent, by heat transfer 


with its environment. Thus the geothermal condi- 
tions influence the flowing temperature in a well as 
do the meteorological conditions in the case of a 
surface pipeline. 

It is extremely difficult to predict variations in 
flowing temperatures with any accuracy, but fortun- 
ately their effect is of relatively secondary importance. 
It is therefore sufficiently accurate for most purposes 
to treat the flow as isothermal, using a best estimate 
of the mean temperature of flow. If, however, a 
greater degree of accuracy is required and the flowing 
temperature gradient is known it is possible to 
construct a p-v or p-2 curve corresponding to this 
gradient provided the experimental figures cover the 
necessary temperature range. These curves can then 
be used to give more exact values of the integrals. 


EVALUATION OF AND J(v) 


The correlations are based on Middle East crudes 
with saturation pressures ranging from 490 to 4390 
psia and stock tank oil specific gravities from 0-811 to 
0-924. The specific gravities of the stock tank oils 
used in the correlations were all measured at 60° F, 
but different gas separation conditions had been used 
for stabilizing the oils. Either differential gas 
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liberation or several stages of separation were used, 
and the resulting specific gravities would depend on 
the process; differential liberation would give the 
lowest specific gravity. However, it is unlikely that 
the different processes would vary the specific gravity 
by mere than about 0-005, which is small compared 
with average deviations from the correlations due to 
other causes. 

For each of the crude oils used in correlations, /(¢) 
and /(v) were evaluated numerically from a p-—v 
curve. The temperatures used in measuring the 
curves varied from 95° to 200° F. The method of 
deriving the correlations was very similar, and the 
process for the J/(p) correlation is described for 
illustration. 


CORRELATION 


When values of /(¢) were plotted against p for 
various oils it was apparent that the curves for 


O4 
ps 
Fie 
CORRELATION BETWEEN I(p)/p, AND p/p, (UNCORRECTED) 


different crudes were of the same shape, and that 
values of /(¢) at any particular fractional value of p, 
were approximately proportional to the saturation 
pressure. This led to the results being plotted in the 
form I(¢)/p, against p/p,. The resulting distribution 
can be seen in Fig 1. It was noticed from this that 
crude oils with higher stock tank specific gravities, 
(, tended to have larger values of the integral at any 
particular value of p/p,. This is shown clearly in 
Fig 2, where values of I(¢)/p, at p/p, = 0-25 for the 
different crudes have been plotted against G. The 
straight line is the least squares fit. 

Correction factors taken from Fig 2 were used to 
reduce ”’ all the points of Fig 1 to a common @ of 
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0-86. This implicitly assumes that the curves of 
1(p)/p, against p/p, for the different crudes are the 
same shape. The distribution of points obtained in 
this way is shown in Fig 3. Figs 2 and 3 were then 
used to prepare general correlations with @ as para- 
meter by first drawing an estimated mean curve 
through the points on Fig 3 which was taken to be 
the correlation for G = 0-86. Curves for other values 


0-88 
$.G.OF STOCK TANK OIL 
Fie 2 
CORRELATION BETWEEN I(p)/p, AT p/p, = 0°25 AND 
STOCK TANK OIL SPECIFIC GRAVITY 


P/Ps 
Fie 5 


I(v)/p, AS A FUNCTION OF PRESSURE AND STOCK TANK 
OIL SPECIFIC GRAVITY 


%, 
Fic 3 of @ were then obtained by scaling this curve with 


CORRELATION BETWEEN I(p)/p, AND p/p, FOR STOCK factors obtained from Fig 2. 

TANK OIL SPECIFIC GRAVITY = 0-86 AT 60° F The general curves constructed by this method for 
stock tank oil specific gravities in steps of 0-02 in the 
range 0-80 to 0-92 are shown in Fig4. The correlation 
for I(v) was obtained in exactly the same way and 
can be seen in Fig 5. 

An important feature of both the J(p) and J(v) 
correlation is that they seem to be independent of 
temperature. As mentioned earlier, the p-v data 
7 a Shiga used in the correlations were measured at temperatures 
upp, varying from 95° to 200° F; in fact, the appropriate 
Tats reservoir temperature. For any particular oil the 
2000) 2 effect of an increase in temperature on the integrals 
is approximately compensated by an equivalent 
change in the saturation pressure. An example 
illustrating the use of the correlations is given in the 
Appendix. 


ACCURACY OF THE CORRELATIONS 


The accuracy of the /(2) correlation is shown by the 

van scatter of points from the straight line in Fig 2. In 

the case of both the and the J(v) correlations the 
(p)/p, AS A FUNCTION OF PRESSURE AND STOCK TANK 

OIL SPECIFIC GRAVITY standard deviation at p/p, = 0-25 is approximately 
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WELLS AND PIPELINES: SOME USEFUL CORRELATIONS 


5 per cent, which, by inspection of Fig 3, is approxi- 
mately the spread at all values of p/p,. The exception 
to this is in the J(v) correlation at pressures below 
about p/p, = 0-1, where the accuracy deteriorates, 
and for this reason it is not recommended that this 
correlation should be used below about p/p, = 0-1. 

The residual scatter after correcting for stock tank 
oil specific gravity may be due to a large number of 
factors, such as gas gravity, the presence of non- 
hydrocarbon gases, and so on. The introduction of 
these secondary effects was not considered worth- 
while in view of the additional complications involved 
and because the correlations are considered to be very 
satisfactory as they stand. 


CORRELATIONS FOR CALCULATING 
FRICTION LOSSES IN WELLS 


Two further correlations have been derived which 
are useful for calculating the loss in pressure or lift 
due to friction. The first is a correlation for obtain- 
ing I(v'), which is defined in equations (5) and (6), 
and the second is a correlation of density of oil and 


10 
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FRICTION Loss: I(v*)/p, AS A FUNCTION OF PRESSURE 
AND STOCK TANK OIL SPECIFIC GRAVITY 


gas mixtures with saturation pressure. The methods 
of deriving the correlations were very similar to those 
used for the J(e) and J(v) correlations. 

The correlations for J(v*) and for p are shown in 
Figs 6 and 7 respectively. As with the other cor- 
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relations, a general set of curves with stock tank oil 
specific gravity as parameter have been obtained by 
expressing pressures as fractions of the saturation 
pressure. The example given in the Appendix 
illustrates the uses of these correlations in determining 
friction losses in wells. 


(CENSITY OF THE 2 PHASE MIXTURE) Ibs 


Fie 7 


p AS A FUNCTION OF PRESSURE AND STOCK TANK OIL 
SPECIFIC GRAVITY 


In using the J(v*) correlation, due regard must be 
given to the approximation used in obtaining equation 
(5) from the exact form given by equation (4). The 
binomial expansion of equation (4) necessitated that 
(Kv?) < 1 of equation (5) is to be used for estimating 
the loss in head by friction. 


GAS LIFT CALCULATIONS 


In gas lift calculations the correlations can be used 
to determine pressure changes if at first the saturation 
pressure of the oil and injected gas can be estimated. 
This can be done from published correlations of 
saturation pressure against gas-oil ratio.’.* A cor- 
relation derived from Middle East crudes which may 
be used for this purpose can be seen in Fig 8. This 
graph shows saturation pressure as a function of 
dissolved gas-oil ratio and stock tank oil specific 
gravity. It is also expected that the correlation 
should depend on gas gravity and temperature, but 
it was not possible to determine the effect of these 
from the experimental results. Probably because of 
the neglect of the latter two factors, the correlation is 
only about 20-30 per cent accurate for predicting 
saturation pressures from known gas-oil ratios below 
3000 psig. Above this pressure the curves are shown 
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as broken lines because of the very limited amount of 
information available on high saturation pressure oils. 

It must be emphasized that the correlation has 
been included because it can be used for predicting 
changes in saturation pressure for changes in gas—oil 


SATURATION PRESSURE psig 


100 200 300 400 
DISSOLVED GAS OIL RATIO 
VOLS OF GAS AT STP PER VOL OF STOCK TANK OIL AT 6OF 
Fic 8 
CORRELATION BETWEEN SATURATION PRESSURE AND 
DISSOLVED GAS—OIL RATIO 


ratio with sufficient precision for pipeline calculations. 
It is not recommended that it should be used for 
determining saturation pressures corresponding to 
known gas-oil ratios, or vice versa. 


CONCLUSIONS 


The correlations and methods of calculation pre- 
sented in this paper provide a quick and easy means 
of performing flow calculations for oil-gas mixtures 
covering the whole range of possible conditions in an 
oilfield installation. Thus, flow up a well at normal 
and higher than normal gas-oil ratios, flow from a 
well head to a separator, and flow from a separator 
to a gathering centre can all be calculated with an 
accuracy which is sufficient for most purposes without 
having recourse to a large programme of p-v-7' and 
other laboratory determinations. 

The design of well flowstrings and surface flowlines 
involves the selection of a suitable pipe size from a 
comparatively limited range of available sizes which 
differ very markedly from each other in flow capacity. 
Great accuracy is therefore not required for design 


OF OIL AND GAS MIXTURES IN 


calculations, and the correlations are ideal for this 
purpose. 
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APPENDIX 


An example is worked out below which shows how the 
correlations are used in a typical problem of determining the 
wellhead and flowline pressures for given conditions. It will 
be assumed that the saturation pressure of the oil is constant, 
i.e. there is no difference in the average temperature of the 
flowline and the well. 


Given 
Saturation pressure 1500 psia 
Sp gr of stock tank oil = 0-83 
Depth of formation 2500 ft below surface 
Bottom hole pressure 1280 psia 
Diameter of tubing = 4 inches 
Gas gravity Os 
Production rate 5000 bd 
Length of surface flowline 1 mile 
Diameter of flowline 4 inches 
F for both tubing and flowline 0-0025 
Gas-—oil ratio 95 vol/vol 


(a) Well Head Pressure 
(i) Neglecting Friction. From equation (3) 


Ps 
vdp/p,= h/p, 


Pr 
from which /(v,)/p, — 1(v,)/P, 


But PiPs 
I(v,)/p, = 0-55 (from Fig 5) 


2500 


I(vs)/P. 1500 


From Fig 5 Pal Ds 


Pe 


The well head pressure 660 psia 


(ii) Friction Loss. From equation (5) the loss in lift’ Ah 
due to friction can be written in the form 


[ He?) | 
Ps Ps 


(The value of Kv? is approximately 6 x 10’, so the approxi- 
mate flow formula as given in equation (5) can be used rather 
than the exact form in equation (4)). 
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From the correlation in Fig 6 
O85 
I(v,)/p, 2-9 


Pip, = O44 
1(v,*)/p, 16-5 


at bottom hole 
lot 


at surface 
lo? 


The relation between mass flow rate w in Ilb/sec and the 
volume flow Q in bd is as follows 


@ (Po + 5-61 
24 60 60 


from which 


w = 18-6 lb/sec 
500 >» 
Ah = ; 


146 ft 


0-0025 (18-6)* 


(0°3)° 


2-9) ft 
7 


The pressure drop from this loss of “ head ” can be esti- 
mated from the /(v)p, correlation in Fig 5, as follows 
Ah = 146 
Ah/p, = 0-097 
At the well head p/p, neglecting friction O44. 


From Fig 5 a change in Ah/p, of 0-097 at p/p, 
corresponds to a change in p/p, of 0-0196. 


O44 


00-0196 
29 psi 


The pressure loss due to friction 1500 psi 


The friction loss in this case is small. If, however, it was 
large, then the value of p/p, at the well head should be 
revised to obtain a more correct value of J(v?)/p,. This in 
turn will alter the value of p/p,, and so the true value of p/p, 
would have to be found by successive approximation. 


VOLUME 47, NUMBER 449—MAY 196! 


169 


An alternative method of estimating approximately the 
pressure drop due to the loss Ah is by using the p v. p/p, 
correlation in Fig 7. From this graph at the well head 
pressure, neglecting friction, p/p, = 0°44 and p = 28-2 Ib cu ft. 

Hence the pressure drop (assuming that the density is 


uniform over the small change in pressure) = 28-2 


(b) Pressure Loss in the Surface Pipeline 


The pressure loss along a pipeline is given by equation (2) 


as follows 
Pi 
pdp/p, = 


Pr 


64 Fw? L 
p, 


which can be written in the form 
64 Fu? L 


I(p2)/Ps I(p3)/Ps p, 


At the well head 


I(p3)/Ps 


I (p2)/Ps 


0-421 
3-05 & 


3-05 


10° from Fig 4 
64 0-0025 (18-6)? 
1500 


108 4 5280 


- 328 x 10 
From Fig 4 
Po! Ds 0-365 
Ps 0-365 = 
- 548 
Py Pe 83 


The pressure drop along t he pipeline 83 psi 
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PROBLEMS ASSOCIATED WITH THE MIGRATION OF OIL IN 
SOLUTION 


By G. D. HOBSON ft (Fellow) 


Several years ago E. G. Baker suggested that 
migration of oil from a source rock to a reservoir 
rock takes place in “solution.” The idea of oil 
migration in solution was not new, but Baker gave 
more detailed consideration to various points than 
had been given before. The hydrocarbons were 
visualized as being “solubilized” by soaps in the 
presence of salt. Furthermore, selective “solution” 
was later thought to be important, leading to the 
occurrence of certain types of compounds in fairly 
constant ratios int crude oils.’ 

Migration in “ solution”’ would remove one of the 
difficulties which seem to be associated with the 
hypothesis of primary migration of free oil droplets. 
It does, however, raise the questions of how and why 
oil is released from “solution” to give the free oil 
found in a reservoir rock. Baker suggested that 
dilution or change in temperature, among other 
things, may cause release. His basic hypothesis is 
still sub judice, and hence it seems worthwhile to 
examine some of the possibilities with respect to the 
matter of release, for thereby the fundamental prob- 
lem of how an oil accumulation is formed may be- 
come better defined. 


Release by Drop in Temperature or Pressure 

Release by drop in temperature and/or pressure 
raises several problems. 

1. The appropriate temperature or pressure might 
be attained in a rock other than a potential reservoir 
rock.{ Should this occur the oil released must be 
viewed as lost, or if it is to become part of an accumu- 
lation the problem of the movement of free oil through 
a fine-pored rock must be faced. Attention was 
drawn to this difficulty inherent in the idea of pri- 
mary migration of oil in solution some years before 
Baker's hypothesis was put forward. The difficulty 
would be the same whether decrease or increase in 
temperature or pressure were the cause of the release. 

2. A drop in pressure or temperature might occur 


only late in the geological history of an area. At 
that stage compaction of the fine-grained rocks might 
be far advanced, and under such a condition little or 
no flow owing to compaction would be proceeding. 
The oil “ solubility ” is low, and hence it is difficult to 
visualize a lens of reservoir rock having a considerable 
proportion of its pore space filled with oil if release 
occurs late.§ Even if some screening mechanism 
holds back any soap-oil complexes which have 
entered the reservoir rock, it seems likely that this 
difficulty would not be removed; there might be a 
greater amount of oil than without a screening 
mechanism, but not necessarily a high proportion of 
oil in body of reservoir rock considered as a whole. 

The reasons for suggesting that any drop in pres- 
sure might occur only late in the history of an area 
arise from a consideration of the mechanism of com- 
paction and the likely trend of events. 

From a porosity/depth curve for a clay or shale 
series (Fig 1) it is possible to build up a plot of volume 
of pore space v. depth (Fig 2), because the area under 
the porosity /depth curve is proportional to the volume 
of pore space. For convenience, increase in pore space 
has been measured from the surface downwards. 
This curve gives the water content of a column of 
compactible sediment, say, 100 or 500 ft thick, 
which has just been deposited and is assumed to obey 
the porosity/depth curve. If this column of sediment 
is then buried by similar deposits and has no water 
entering its base, it is possible to follow the behaviour 
of the water and the sediment which were just at 
the top of the column before its burial. For any 
depth of burial of the base of the column an interval 
can be read off on the depth scale of Fig 2 such as 
will give the same volume of water as was present in 
the column at the time its formation was just com- 
pleted. This will define the position relative to the 
base of the column that tagged water representing 
the original top would have reached for the given 
burial of the base (it is assumed that the moving 


* MS received 8 November 1960. 

+ Imperial College of Science and Technology. 

t Bray and Evans ®* refer to the possibility of petroleun- 
like hydrocarbons having migrated from source sediments into 
a fine rock. Baker ?* inferred that these are present as free 
oil, but it is not clear that free oil is necessarily implied by 
Bray and Evans’ statement. 

§ For various reasons it is extremely difficult to demonstrate 
that a lens was and is effectively isolated by very low per- 
meability material in all directions. However, F. M. van 
Tuy! and B, H. Parker (Colo, Sch, Min. Quart., 1941, 36, 157) 


state that “In a few instances .. . there is evidence of 
isolation of porous zones . . .,”” and they also refer to “ in- 
closed reservoirs ... largely or completely filled with 
oil... .” If isolated, oil-charged lenses do not exist, then 
some of the arguments in the present note must lose their 
force. 

{ For present purposes there is no need for the entire 
succession to be of this material, but only the sector immedi- 
ately above the column under consideration; if that sector 
differs from the underlying material the figures will be 
altered. 
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POROSITY 


FT, DEPTH 
Fie 1 
POROSITY—DEPTH CURVES (after Weller, J. M., Bull. Amer. Ass. Petrol. Geol., 1959, 48, 273-310) 


The porosities are in percentages, and the three depth scales apply to the successive curves in descending order 
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The letters A, B, and C indicate the scales for each of the curves 
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water displaces all the water in the pores through 
which it passes; if it does not the movement of the 
tagged water will be greater than estimated). 

Fig 3 summarizes estimates of the above type for 
two columns of sediment, one originally 100 ft thick 
and the other 500 ft thick. The positions of tagged 
sediment marking the top of each of these columns 
are also shown. 

The above discussion on compaction assumes uni- 
form distribution of fluid flow. Should conditions 
exist which give rise to focusing of flow on a small or 


OSTANCE ABOVE - 


000 


sinking in relation to sea level and having the 
pressure on it increased; its temperature will also 
be rising. 

(b) The base of the sediment remains fixed 
with respect to sea level. In this case the tagged 
water will rise relative to sea level and it will 
move into zones of lower pressures. 


In practice, for thick sediment columns, and during 
the sedimentation phase, the condition indicated by 
case (a) is more likely to be approached than that of 


($00) 


water (100% 


10,000 


DEPTH OF BURIAL OF BASE -——-FT 


Fic 3 


The curve labelled ‘“ Water (500’) * shows the position of tagged water, which was just at the top when 500 ft of compactible 


sediment had been laid down, as the base of the column of sediment is buried more and more deeply. 
labelled ‘ Solid ” gives the corresponding position of sediment which was initially associated with that water. 
Similar curves are shown for water and sediment which were at the top when 100 ft 


column of figures shows the distances. 


The associated curve 
The right-hand 


of deposit had accumulated, the distances being shown by the left-hand column of figures. 


large scale the conclusions will have to be modified 
in detail: the rise of the water will be greater in focal 
areas than is shown in Fig 3; outside such areas it 
will be less. Water entering the base of the sediment 
column will lead to a greater rise of the tagged water 
relative to the base than that predicted by the method 
described. Should any water flow out of the base of 
the column the relative rise of the tagged water will 
be less than shown. 

It is now necessary to consider factors other than 
compaction; in particular, whether there is building 
up or general sinking of the sediment column. Two 
of the possible cases are as follows: 


(a) The depth of water over the sediment 
remains approximately constant, with additional 
sediment being accommodated by sinking of the 
base of the deposit. If this condition holds it 
appears that, as sedimentation proceeds, the 
tagged water, although rising relative to the 
sediment with which it was originally associated 
and relative to the base of the column, is actually 


case (b). However, in the uplift and erosion phases, 
irrespective of compaction phenomena, the tagged 
water will be rising into zones of lower pressure, but, 
as noted earlier, this will be comparatively late in the 
history of an area. Alternations of phases of sedi- 
mentation and uplift and erosion would lead to com- 
plications in the pressure and temperature history of 
the tagged water. 

A by-product of the consideration of the compac- 
tion mechanism is the conclusion that, although the 
porosity of newly-deposited sediment is the same, the 
proportion of * new” water included in the top of the 
deposit diminishes as more and more compactible 
sediment is laid down. This would mean that there 
would be less complete extraction of hydrocarbons 
from the upper than from the lower part of a source 
rock if there is overall an excess of hydrocarbons 
which are potentially capable of being “ solubilized.” 


Release by Dilution or Change in Salinity 
If migrating water with solubilized” oil should 
enter a reservoir rock diffusion or mixing would 
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reduce the soap concentration, provided that the 
reservoir rock water does not contain as much soap 
as the water entering from the source rock. Dilution 
is stated to release “ solubilized’ oil. The degree of 
dilution possible would depend, among other things, 
on the volume of flow into the reservoir rock by com- 
paction and on the volume of pore space in the 
reservoir rock. As compaction continues, the attain- 
able degree of dilution would diminish unless faulting 
allows access to additional water or erosion permits 
the entry of meteoric water into the reservoir rock. 
The latter conditions could arise in some cases, but 
by no means generally. The volume of water in a 
small lens might not be enough to dilute much soap 
solution adequately, and as a result the release of 
sufficient oil to fill a substantial proportion of its pore 
space appears unlikely. It seems undesirable to 


postulate a release mechanism or, indeed, a hypothe- 


sis on the origin of oil, which cannot be applied 
equally well to explain the amounts of oil found in 
limited and in extensive reservoir rocks. 

The water associated with oil in reservoir rocks is 
commonly more saline than sea water. Should this 
condition be a consequence of concentration processes 
operating in the sediments, it may be wondered 
whether a “salting-out ’’ mechanism would release 
‘solubilized’ oil. Baker mentioned the possibility 
that the salinity might be a factor in the release 
mechanism. 

In the case of some oil accumulations it has been 
suggested that the reservoir rock is also the source 
rock.5 Dilution would be possible and progressive 
in such circumstances by water entering from 
adjacent compacting sediments, provided that it 
contains less soap than the connate water in the 
reservoir rock. In the absence of a filtration effect 
some of the * solubilized ” oil would be displaced into 
nearby fine rock by compaction fluids. On the other 
hand, should * salting-out ** be the means of effecting 
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oil release, it could occur in this case also. Thus, if 
there are instances of oil formation in a reservoir rock 
they would appear to be comparable in many respects, 
so far as the release mechanisms discussed here are 
concerned, with cases where the source rock is not 
the reservoir rock. 


Conclusions 


According to the preceding discussion, it appears 
that neither change in pressure or temperature, nor 
dilution, can be accepted as a general means for 
releasing ** solubilized ”’ oil to give an oil accumulation. 
This conclusion cannot, however, be considered, in 
the light of present knowledge, to preclude the 
possibility of primary migration of oil in * solution.” 
It must not be overlooked that acceptable hypotheses 
on oil origin and migration must be capable of account- 
ing for the proportions of the total reservoir rock pore 
space occupied by oil. 
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ADDENDUM 


Since the manuscript was submitted information has come 
to light on three points. (1) The paper by Bray and Evans 
has been published in Geochimica d& Cosmochimica Acta, Feb 
1961, 22 (1), 2-15. (2) K. O. Emery and 8. C. Rittenberg 
(Bull. Amer. Ass. Petrol. Geol., 1952, 36, 735-806) referred, 
amongst other things, to the reduced amount of additional 
water incorporated in the upper part of a column of compact- 
ing sediment. (3) G. E. Crosby and R. J. Cochran (J. Petrol. 
Tech., Sept 1960, 12 (9), 39-41) have described a 38-acre lens 
which had oil in a substantial proportion of its pore space. 
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OBITUARY 


PROFESSOR DR IR H. I. WATERMAN 
1889-1961 


HARDLY two years after he retired from the chair of 
Chemical Technology at the Technical University of 
Delft, which he held for over 40 years, Professor 
Waterman, Honorary Member of the IP, passed away 
to the great regret of his many friends in his own 
country and far beyond its borders. In his more 
than 500 articles and 15 books he 
looked restlessly for the simple 
general characteristics of the many 
chemical and physical processes 
which he and his pupils investi- 
gated in the course of the years. 
The very last book he published 
was called ‘ Process Characteriz- 
ation’’; it was to be more or 
less his scientific testament. 

In petroleum technology he intro- 
duced his famous “ ring-analysis,”’ 
but he produced similar graphical— 
statistical methods for the investi- 
gation of coal, fatty oils, silicates, 
and silicones. His 50 patents 
covered the results of his work 
on high-pressure hydrogenation, 
high-vacuum distillation, hydrogenation of fatty oils 
and fats, polymerization of ethylene, and the like. 
He worked on the manufacture of synthetic fibres 
from rubber and sulphur dioxide, discovered a cold- 
diffusion process for the extraction of sugar from 
beet, continuous polymerization of drying oils using 
sulphur dioxide as a catalyst, continuous styreniza- 
tion of linseed oil using iodine as a catalyst, and 
many other problems. 

But even such a list of important achievements 


describes only part of Waterman’s personality. His 
scientific enthusiasm knew no bounds, his life was a 
compound of active work and leadership in his 
laboratory and many journeys to congresses and 
commissions both within and far beyond the bound- 
aries of his native country. He was an inspiring 
teacher for a multitude of 
students, and the number of 
those who studied under his 
guidance and later reached pro- 
fessorial rank shows how he 
not only taught them the bare 
facts of chemical technology but 
imbued them with the true ardour 
for scientific research. 

Not only the IP but many 
other institutions and universities 
honoured Waterman during his life- 
time, but at heart he always re- 
mained a humble and modest man, a 
steady and honest scientist, always 
busy reading, discussing, and teach- 
ing the latest facts and discoveries 
at the earliest possible moment. He 
took a most lively interest in his pupils, inviting 
them home and constantly interesting himself in 
their careers when they had left the university. In 
this way he truly formed a school of pupils who will 
carry on where he left off. His many friends in the IP 
who have often met him, heard him lecture, or have 
read his publications will regret the- loss of a true 
friend whose influence in the world of petroleum will 
be felt for many a year to come. 


R. J. F. 
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in plant for the petroleum and 
petrochemical industries—from 
fractionating columns to heat ex- 
changers. Frasers undertake the 
design, engineering and fabrica- 
tion of plant items to all codes of 
construction. 


Fraser’s Contract Division 
design and construct 
complete plants. 


FRASER 
& CO. LTD. 


AND IN AUSTRALIA - 


W. J. FRASER & CO. LTD. 


HEAD OFFICE: HAROLD HILL, ROMFORD, ESSEX 
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WORKS: MONK BRETTON, BARNSLEY, YORKS. 
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LIGHT ALLOY 
PIPEWORK 


Marston's offer 

a full range 

of pipes and fittings 
from 1” to 24” N.P.S. 


MARSTON 

EXCELSIOR 

LIMITED 


(A subsidiary Company of 


q Imperial Chemical Industries Ltd.) 
Fordhouses, Wolverhampton 
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COMPLETE PROJECTS 


PARSONS POWE RGAS employ an inte- 
grated staff of chemical, mechanical, civil, electrical and 
instrument engineers whoare experienced andavailable 
for engineering projects for the petroleum and related 
petrochemical industries throughout the world. 


PARSONS POWERGAS 


THE RALPH M. PARSONS COMPANY THE POWER-GAS CORPORATION LIMITED e 
LOS ANGELES © NEW YORK LONDON © STOCKTON-ON-TEES ae 
482 15 PORTLAND PLACE LONDON W.! 
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COMPRESSORS FOR 
SCIENTIFIC RESEARCH 


Three Brotherhood two-crank four-stage 
compressors supplied to the University of 
Cambridge for a high speed wind tunnel 


installation. 


Brotherhood compressors are designed to 


customers’ exact requirements. 


PETER BROTHERHOOD LTD 


PETERBOROUGH ENGLAND 


Compressor and power plant specialists for nearly a century 
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(Air Cooled Heat Exchangers) 
AS INSTALLED 

IN 

FAWLEY AND WHITEGATE 
REFINERIES 


- 


* SOLO-AIRE’ Exchangers are part of the 

range of air cooled equipment for which 

A. F. CRAIG & CO. LTD. of Paisley, Scotland, are 
licensed by the HUDSON ENGINEERING CORPORATION 
of Houston, Texas, U.S.A., to manufacture 

for sale throughout the world. 


ENQUIRIES :— 

A. F. Craig & Co. Ltd., Caledonia 
Engineering Works, Paisley, Scotiand 
Tel: Paisley 2191 

LONDON :— 

727 Salisbury House, 

London Wall, E.C.2., 

Tel: NATional 3964 
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VUOP PETROLEUM REFINING 
AND PETROCHEMICAL 
PROCESSES 


Petroleum refining and petrochemical 
processes for the efficient and 
economical conversion of petroleum 
into marketable fuel and 

chemical products. 


- 
f 
- 

‘ 
. 

. 

UDEXx® ALKART™ - 

-HYDEALT™ 
4 
5 vi 
4 


now blend in cleaner burning, 
highest octane components 


“HE’’ ALKYLATION gives refiners a blending 
component that combines the ideal qualities of a clean 
burning fuel that gives smooth engine performance 
with high octane number. Often refiners find them- 
selves pushed into an economic corner in producing 
gasolines that burn clean, efficiently, and give maxi- 
mum power. “HF” Alkylation is a catalytic process 
that produces an isoparaffinic fuel component that 
burns with a minimum of carbon deposit .. . greatly 
reduces surface ignition and consequent rumble... 
and is ideally suited to the auto engine of today. 

The UOP-developed ‘‘HF’”’ Alkylation process com- 
bines olefins such as propylenes, butylenes and amy- 


WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 


Representative in England: F. A. TRIM, 
Bush House, Aldwych, London, W.C.2 


lenes with an isoparaffin, usually isobutane. The prod- 
uct formed, alkylate, is a mixture of branched chain 
hydrocarbons of higher molecular weight. It is widely 
used in producing high octane aviation gasoline, as 
well as an anti-rumble component in motor fuel. 

UOP also offers Sulfuric Acid Alkylation for special 
situations where the refiner’s economic, supply, or 
production situation may give this process a greater 
profit potential. 

With more than a score of different processes UOP 
can offer you the most profitable method for the 
processing of petroleum. Let UOP engineers evaluate 
your processing needs now. 


30 Algonquin Road, Des Plaines, Illinois, U.S.A. 


* sRegistered Trademark Universal Oil Products Co. 
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K 1 You can trust a Fram Separator Filter to get the last traces 
e e p | Nn g of water and solid contaminants (down to 5 microns) out of 


aviation fuel. 


; We have developed these units to conform to the latest and 
e t h e H t> most stringent specifications such as MIL-F-8508A, MIL-F-15618E 
* a and MIL-F-26678A for water and dirt free aviation fuels and they 


are tested thoroughly in the Firth Cleveland Test House to 
guarantee faultless performance and long trouble-free 


O U t of operational periods. 
Standard separator filters are manufactured to handle 


flow rates from 25 to over 1,000 igpm and 
trailer-mounted units are also available. 
t e We have also developed a comprehensive range of Flow Rate 
8 1 8 Control Valves, Excess Flow Control Valves and Solenoid 

Operated Valves, pipeline Shock Alleviators, Fuel Filter Funnels, 

Tank Gauges, Level Controllers, Fuel Dispensing Vehicles 

and other aviation fuel handling equipment. 

We shall be pleased to send you full information. 

Fram Separator Filters have been supplied to The Ministry of Aviation, 
The Admiralty, The 3rd United States Air Force, all major 
4 Oil Companies and they are in service ai airfield installations 

and refineries throughout the world. 


Fram Separator Filters 


Simmonds Aerocessories Limited, 7 Cleveland Row, London, $.W.I. Tel. Whitehall 3100 &) 
A Member of the Firth Cleveland Group 
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OLEFINE- 
CHILLER 


FRESH 
SULPHURIC 


MOTOR 
ALKYLATE 


PRIMING 
THE 
PETROL 
POOL 


WITH 


ALKYLATE 


More and more motorcars—and engines with higher compression ratios 
—these are creating a demand for higher octanes and for a higher quality 
petrol pool blend. 

Both can be achieved, at a lower overall expenditure than ever before, 
by adding a Kellogg sulfuric acid alkylation unit to your plant. Designed 
to operate on butylene, propylene, amylene or a combination feed, these 
units offer many advantages over other designs. The most efficient, most 
economical and most flexible is the latest multi-stage cascade reactor 
design shown and described in brief right. It can produce an LPG 
product, without supplementary towers or equipment. It reduces cor- 
rosion to a minimum without extensive use of expensive chemicals. It 
uses less than 0.35 pounds sulfuric acid per gallon of butylene alkylate 
produced. It is adaptable to seasonal demands—capable of maintaining 
peak barrel octane production at minimum operating cost. It can pro- 
duce specification butane without the addition of a debutanizer tower. 
These and other features are the result of improvements made through 
continuing development work, and of Kellogg’s world-wide experience 
in alkylation. To date, Kellogg has designed, constructed or is working 
on 38 units in 7 countries with a total production capacity of over 
141,000 BPD. 

Kellogg International Corporation welcomes the opportunity of discuss- 
ing alkylation in further detail with interested refinery engineers. 
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Process 


Description 


The olefine feed is chilled and split into paralle! 
streams and fed to separate reaction zones in 
the Cascade Reactor. Vaporization in each zone 
removes the heat of reaction and economically 
maintains low temperatures by auto-refrigera- 
tion. Condensed refrigerant is depropanized 
and mixed with recycle isobutane and acid 
catalyst. This mixture flows in series through 
the reaction zones. The effect is of many re- 
actors, each receiving the total recycle plus 
refrigerant isobutane (used to aid the reaction 
and to provide refrigeration). 

Reactor effluent containing reaction products, 
recycle isobutane and inert components, is 
separated from the acid catalyst in the reactor’s 
settling zone, treated to remove entrained acidic 
material and fractionated to separate isobutane 
recycle, butane and motor alkylate. Total 
alkylate product can be added directly to petrol 
pool or rerun for use in aviation petrol. 


Kellogg International Corporation 


KELLOGG HOUSE - 7-10 CHANDOS STREET - CAVENDISH SQUARE - LONDON W.1 


SOCIETE KELLOGG - PARIS - THE CANADIAN KELLOGG COMPANY LTD - TORONTO 
KELLOGG PAN AMERICAN CORPORATION - BUENOS AIRES - COMPANHIA KELLOGG BRASILEIRA 
RIO DE JANEIRO - COMPANIA KELLOGG DE VENEZUELA - CARACAS 
Subsidiaries ond offiliated offices of THE M. W. KELLOGG COMPANY NEW YORK 
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TECHNICAL WORKS 
ON PETROLEUM 


JOURNAL O F THE 
INSTITUTE OF PETROLEUM 
Annual Subscription 94s, 6d. 


INSTITUTE OF PETROLEUM 


REVIEW 
Annual Subscription 21s. Od. 


MODERN PETROLEUM 


TECHNOLOGY 
(2nd (1954) Edition) 
Price 35s, Od. post free 


REVIEWS OF PETROLEUM 


TECHNOLOGY VOL. 14 


(Covering 1952-1954) 
Price 35s, Od. post free 


PETROLEUM MEASUREMENT 


MANUAL 
Price 28s, 6d. post free 


Published by 


The Institute of Petroleum 
61 New Cavendish Street, London, W.! 
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MATTHEW HALL 
undertakes 


A SECTION OF ONE OF 
OUR DESIGN OFFICES 


MATTHEW HALL 


-@CO. LTD... 


OIL REFINERY & PETROCHEMICAL ENGINEERS 


MATTHEW HALL HOUSE, 101-108 TOTTENHAM COURT ROAD, LONDON, wW.! 
MUSEUM 3676 


Glasgow Manchester Bristol Johannesburg Germiston 
ae teen Welkom Bulawayo Salisbury (Central Africa) West Indies 
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Methods for 
Assessing Performance of 
Crankcase Lubricating Oils 

—Engine Tests 


(Part 3 of IP Standards for Petroleum 


and its Products) 


Contains five engine test methods 
for lubricating oil and a method for 
rating engine cleanliness and wear 


54 pages Illustrated 
Price 30s. Od. post free 
Obtainable from 
The Institute of Petroleum 


61 New Cavendish Street 
London, 


Planning for Productivity 
in the Oil Industry 


This is the report of the 1960 IP Summer 

Meeting which discussed the application 

of computers and automation in the 
petroleum industry. 


Illustrated 


159 pages 


Price 35s. Od. post free 


Obtainable from 


The Institute of Petroleum 
61 New Cavendish Street 
London, 


ADVERTISERS 
(Advertising Agencies in Italics) 


Associated Electrical Industries (Man- 
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(The TGA Co. Ltd) 
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